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LETTER OF TRANSMITTAL. 



Department of the Intebiob, 
Bureau of Education, 
Washington^ D. 0., Fehruarg 21, 1890. 

Sm : I have the honor to traDsmit herewith a mannscript of a circular 
upon the " Sanitary Condition of Schoolhouses," the preparation of 
which was procured by Hon. N. H. R. Dawson, lately Commissioner 
of Education. 

The author of the circ ular is Dr. A. P. Marble, superintendent of the 
public schools of Worcester, Mass., and during the last year president 
of the National Education Association of the United States. Dr. 
Marble is a man of scientific attainments, and has for years made a 
study of the problem of ventilation, heating, lighting, draining, and 
schoolhouse construction. The value of the circular will be increased 
by the addition to it, in the form of an appendix, of a number of de- 
signs of school buildings of various sizes, carefully selected with a view 
to commodiousness, healthfulness, and economy of construction. 
Among these designs special attention is called to the series of nine- 
teen plates constituting the prize designs selected and published by 
the State of New Y ork in 18S8. The Bureau is indebted to Hon. A. S. 
Draper, superintendent of public instruction of the State of New York, 
for permission to republish these designs, and also for the use of the 
electrotype plates. 

The plates of a number of excellent plans have also been kindly 
loaned to the Bureau by Hon. J. B. Thayer, State superintendent of 
public instruction of Wisconsin, Mr. Jared Sanford, commissioner of 
schools of West Chester County, N. Y., Messrs. Isaac D. Smead & Co., 
Toledo, Ohio, Fuller, Warren & Co., Troy, N. Y., and the Venetian 
Blind Company, Burlington, Vt. 

This circular will be of great use to school authorities, and can not 
fail to result in improving the quality and condition of schoolhouses 
throughout the country. 

I respectfully recommend its publicatio*i at the earliest date possible. 
Very respectfully, your obedient servant, 

W. T. Harris, 

Commissioner. 
Hon. John W. Noble, 

Secretary of the Interior. 8 *1 2 9 /^ 
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SANITARY CONDITIONS FOR SCHOOLHOUSES. 



INTRODUCTION. 

Something like seven-eighths of all children ander the age of 15 
attending school are in the public schools, and the general interest 
taken in these schools has led to investigations respecting the health- 
falness of the surroundings and buildings provided for these children, 
and the effect of school upon the health and growth of the pupils, and 
the conditions most favorable to study. For the last 20 years much 
attention has been given to the proper heating and ventilation of school- 
houses and of other public buildings, and very great improvements 
have been made. The best systems now in use are incomparably bet- 
ter than those in use only 10 or 12 years ago. As late as 1880, an 
English work by an eminent writer on school architecture advocated 
the warming of schoolrooms by open grates and the introduction of 
fresh air at the bottom of the room and its withdrawal through open- 
ings in the ceiling or near it. This method of ventilation is now uni- 
versally conceded to be defective and objectionable. 

The large number of children assembled in schools, the number of 
hours they spend together at the most impressionable period of their 
lives, and the necessity for healthy bodily conditions if we would secure 
good mental growth, all require that the best known provisions be 
made for their health while in school. Nor should mental growth be 
of less concern than physical well-being, since both have a direct 
influence upon morals, which is more important than either. 

The subject of sanitation will here be considered under the three 
heads of— 

I. — Ventilation and heating 5 
II. — Drainage and lavatories ; 
III. — Lighting. 
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I.~VENTILATION AND HEATING. 



GBEAT NEED OF ATTENTION TO THIS SUBJECT. 

With all the attention that has been paid to ventilation, the subject 
has till quite recently been in its infancy, if even now it has attained 
anything like maturity. This fact is shown in the ill- ventilated and 
poorly heated halls in all parts of this country and in Europe. It 
appears in nearly all the costly churches, where the provision for 
renewal of the air is quite generally wholly insufficient and in a major- 
ity of cases not one-twentieth of what it should be. The reason that 
people are alive and in tolerable health is that they spend only a very 
small fraction of their time in these halls and churches. 

Legislative halls are no better. In many State capitols and munici- 
pal council chambers large sums of money have been expended in the 
attempt to supply the members of these assemblies with fresh air after 
the buildings have been erected with a view to architectural display 
and with but little regard to comfort, or the best effects of light, or the 
proper distribution of heat and the supply of air. But most of these 
attempts have either failed utterly or have been only partially suc- 
cessful. 

"N^otably the capitol at Washington has been subjected to numerous 
experiments ; but thus far all have proved failures. Ko hall on the con- 
tinent, it is probably safe to say, is filled with fouler air than the gal- 
leries of the House of Eepresentatives near the close of an afternoon 
session. A person from the outside world is liable to be made sick by 
it in 15 minutes, and but few can stand it for more than half an hoar 
without suffering from nausea, headache, and dizziness. And yet 
$100,000 or more have been expended, first and last, in seeking to 
remedy this evil. 

Many schoolhouses are but little better; and yet most of the children 
live through it because they go into the open air frequently at recesses, 
at noon, and morning and night, and the system habituates itself to 
throwing off the poison inhaled with the vitiated air- of the schoolroom, 
just as a man becomes accustomed to the nicotine poison of tobacco 
and the alcoholic poison of whisky, and just as the human body has the 
power of adapting itself to the rigor of an arctic winter, and again to 
the heat of a torrid summer. The Creator seems to have given us this 

8 



VENTILATION AND HEATING. 9 

power of adaptation in order that the race might not become extinct 
while we are learning how to avail ourselves of the free pure air every- 
where supplied. But it will not do to presume too long on this adapta- 
bility. The evidences of degeneracy here and there warn us that it is 
high time to presume no longer. 

And in private houses the case is generally even worse than in school- 
booses and public halls. The safety in these houses lies in the fact 
that but few people generally are confined in one room; It is likely 
that a very large majority of private houses are heated with stoves, and 
that in nine-tenths of them no provision whatever is made for changing 
the air of the room except the occasional opening of a door or a window 
aud the withdrawal of a very small quantity of air through the draft of 
the stove. 

CONDITIONS VARY. 

In considering what is the best means for heating and ventilating 
there are various conditions that must not be lost sight of. A large 
house heated by a furnace or by indirect steam, with a small family, is 
ODe thing. A small house heated by a stove, with a large family, is 
quite different. In both these the rooms, or a part of them, are occu- 
pied through the whole 24 hours. A schoolroom, on the other hand, 
is occupied only 5 or 6 hours in the day, but it is inhabited by a large 
number of children during that Jbime. These children moreover are at 
the period ol^ greatest growth. The tissues of the body are renewed 
rapidly, and the excretions through the skin and the exhalations from 
the lungs vitiate the air very rapidly. Furthermore, these children 
often come from ht)uses not the most scrupulously clean ; their clothes 
are sometimes filled with the odors that arise from cooking, for one 
room has to serve for kitchen, dining room, and living room. In such a 
place boiled cabbage, fried onions, or garlic, sausage meat, and dough- 
nuts leave traces of perfume in the dresses of girls and in the jackets of 
boys. Nor should anyone regard this fact " with a disdainful smile," for 
out of such surroundings have arisen men and women eminent in the 
Republic. The fact is emphasized here only to show that schoolrooms 
where such men and women may be developed ought to have plenty of 
fresh air. 

Difference of climate also is a condition which very much affects the 
problem of heating and ventilating schoolhouses and dwellings; and 
an essay designed for all portions of the country, while describing 
what may be needful for Minnesota and Maine, must be taken with 
large modifications when applied to the conditions of South Carolina 
or southern California. But this modification is chiefly one of degree 
and not a change in principles. 

VITIATED AIE. 

It is not the purpose here to enter into any scientific discussion of 
the constituents of foul air, though something of this nature appears 
below (pp. 43-45). It is rather the purpose to treat the subject in its 
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practical a.8pects and in a popalar way, and vet it is hoped that noth- 
ing will appear that is iDConsistent with the science of the subject. 

Popularly, then, it is said that the air which has been exhaled from 
the lungs contains a certain larger per cent, of carbonic acid gas, 
and this gas is known to be heavier than the pure air. It is this gas 
which settles at the bottom of a certain valley in France to the depth of 
2 or 3 feet. Taken into the lungs of an animal it causes death ; hence 
a dog dies when he tries to walk through this valley, because he is im- 
mersed in the gas and can breathe no air, while a man walking 
through with his head above the stratum of carbonic acid gas and in 
the air, remains uninjured. The danger from this gas arises from the 
exclusion of air, and not so much from its poisonous nature. It is often 
asserted that in the process of ventilation the exhaust should be from 
the bottom of the room because this gas settles there. It is true that 
the exhaust should be from the bottom of the room, but not for this 
reason. The foul air of a schoolroom is not always or necessarily at 
the bottom of the room. It is at the top of the room under certain con- 
ditions, and perhaps more frequently than at the bottom. The impurity 
does not consist of carbonic acid alone ; it consists of exhalations from 
the skin, of other substances thrown off from the lungs besides this gas, 
and of watery ya^or. All this is at a temperature very nearly that of 
the lungs and the body, which is normally about 98^ F., and hence it is 
lighter than the air of the room, and it tends to rise for that reason. 
Even the carbonic acid, which in its pure state is heavier than air at 
the same temperature, being of a higher temperature and mixed with 
vapor and various impurities, rises to the top of the room at first instead 
of settling to the floor. 

This has been proved by the following experiment: The schoolroom. 
Fig. 1, was about 40 feet long and 25 or 30 feet wide. It was 10 feet 
high to the cornice a, just above the windows; and above the cornice 
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Fig. 1.— School- room. 



VENTILATION AND HEATING. 11 

the ceiliDg rose in a flat arch 3 or 4 feet t&'h. On the back side were 
half a dozen windows, on the front side were three doors, and at each 
end there was a fireplace, c, c, with a good draft ; on the back side of 
each fireplace, at the end, was a window, and on the front side was a 
door. The room was heated by a large stove. While the school was 
in session, tlie air was admitted from the halls through transoms over 
the doors, and through the windows, which were lowered an inch or 
two; and it was exhausted through the fireplaces. The school closed 
at 1 o^clock, when the windows and doors were thrown open and the 
wind was allowed to sweep through the room all the afternoon. The 
room was then as sweet as the out-door air. At night the doors and 
windows were closed and the fire in the stove was allowed to smolder; 
but in the morning the room was filled with the school-house odor of 
foul breaths. At first this seemed unaccountable; but upon careful 
investigation it appeared that a stratum of warm and impure air had 
remained in the arch above the cornice, during the afternoon, when the 
wind had swept through the lower part of the room ; and as it cooled 
at night this foul air had settled and diffused itself throughout the 
room. The discovery was made by mounting a ladder to hang a pic- 
ture and putting the head into the stratum of air above the cornice, 
just before closing the room for the night. This experiment shows 
beyond a doubt that the foul air will rise to the top of a heated school 
room, and that this part needs ventilation not less than the bottom. 

The conditions in this room would have been vastly improved if the 
windows had extended to the top of the arch or if there had been a 
ventilating register at the top of the arch leading into the chimney 
flue. But the ventilator should have been closed during the day, in 
this case, or else the heated air of the room wpuld pass out rapidly at 
the top ; and in case the windows were extended to the highest part of 
the ceiling the warm air would pass out in the same way, unless the 
openings were barely large enough to supply the air which was ex- 
hausted through the flreplaces.* 

RADIANT HEAT. 

« 

In a small room there is no doubt that an open grate or a wood fire 
is the best means of heating and ventilation. The heat is by this 
means raUiated directly from the glowing coals; it strikes the fqjiture, 
walls, ceiling, and floor of the room and warms them. The air is 
warmed by contact with these objects and not by the radiant heat 
passing through it. The air for"breathing is therefore comparatively 
cool, as it ought to be ; it retains its natural moisture, and does not absorb 
from the nostrils, air-passages, and lungs so much of the moisture as 
to leave them in a dry, parched, and unhealthy condition. The draft 
of the open fireplace changes the air in the room frequently, and, if 
the air is supplied through passages around the fireplace connected 

* For currents of heated air see Figs. 24-30. 
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with the outside near the floor and opening near the top of the room 
above the fireplace, it is partially warmed in passing around the brick 
work behind the fireplace; and these conditions are nearly perfect.* 

But what is so admirable on a small scale is not suited to a large 
room with many people in it. Too many fireplaces would be required, 
and in a large building of many rooms the care of these and the in- 
evitable interruption which it would cause, to say nothing of the dust 
and ashes that would be scattered over iho room, all make a gre. t and 
unnecessary expense. The cost of fuel would also be enormous, for 
not more than one-eighth of the heat generated by the combustion 
would be available in the rooms ; the other seven-eighths would pass 
up the chimney. 

HEATING BY STOVES. 

In a close room the air can be very economically heated by a stove of 
suitable size. The air is heated by contact with the heated iron of the 
stove, and its volume being increased by the rarification which heat 
produces the air immediately rises to the top of the room and is re- 
placed by the denser cold air, and this in turn becomes heated to rise 
and be replaced by more cold air. It will greatly facilitate this move- 
ment of the air, and the consequent heating of all parts of the room, to 
surround the stove by a jacket of sheet iron raised a few inches from 
the floor and distant 5 or 6 inches from the stove. The air passes un- 
der the jacket and up between it and the stove, and becomes heated in 
passing. The motion is much more rapid with the jacket, and those 
pupils who sit nearest the stove are by it relieved from the too great heat 
directly from the stove. Seats near the stove and those in the farthest 
part of the room thus become equally comfortable. Such a movement 
of the air is illustrated by the following diagram (Fig. 2.) of the plan 
and the vertical section of a round stove with jacket. 

A very convenient modifi6ation of the jacket is made by constructing 
a frame of.board about 2 feet wide -and 3 or 4 feet higb, and of slats 2 
or 2J inches wide, with the sides extending 6 or 8 inches below the 
cross-bars, and a less distance above them. This frame is then covered 

* See Circular of Information No. 4, 1880, pp. 78, 79. 
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with sheet zinc or iron, and two of the frames are hinged together so 
as to open and shut like a book. When placed near the stove and 




Fig. 2. 

opened nearly at a right angle, one of these double frames will serve as 
a screen; and two of them may be so placed as to serve as a jacket for 
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the stove. This screen is represented roughly in Fig. 3; of coarse its 
size should depend npon the diameter and the height of the stove to be 
enclosed, and the form may vary to suit the taste. 








Fig. 3. 

There are stoves on the market of various kinds made upon the 
principle of this jacket; that is, they are inclosed in sheet iron in such 
a way that the air from the bottom of the room, near the floor, passes 
up between the heated surface and an outer covering, and is thus made 
to circulate through the room. While this means of heating is very 
direct and economical, and well enough adapted to an unoccupied room 
that is to be heated, such a plants the worst possible for a room full of 
children. It does not provide for any renewal of the air ; and if the air 
is admitted through a register or flue at one point in the room, and ex- 
hausted at another point, there is this objection, that the air is cold 
when admitted to the room. If not very carefully arranged, the open- 
ings will cause drafts that strike the heads of pupils, since this colder airt^ 
always tends to fall, as it is presumably colder than the air in the room. 
If such a stove as is described above is the best to be had, then the fresh 
air should be admitted at thetopjDf the room. But if the opening is 
directly through the wall, the tendency will be for the warm air to pass 
outward, instead of the fresh air passing inward. To obviate this 
difficulty, the opening outward should be several feet below the top of 
the room ; the flue should be extended upward and open into the room. 
Such an arrangement allows the passage of air into the room, while the 
warm air does not tend to pass outward. 

This construction is illustrated in Fig. 4, in which a represents an 
opening in the outer wall, which is connected by a flue with the regis- 
ter b opening into the room. The heated air which rises to the top of 
the room will not pass outward through the flue, because it is lighter 
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thau the external air ; if a were directly opposite to ft, the draft would 
ordinarily be outward. On the opposite (left) side of the room, e rep- 
resents a register connected with a flue, and if this flue is heated the 
air from near the floor will be drawn upward and out of the room. If 
this exhaust is sufficiently rapid, and if the flue is of sufficient size, if 
also there are several such openings as a and &, and of sufficient size, ' 
the air in the room may be changed with tolerable rapidity. Such ven- 
tilation is defective because the air in the room can not be heated by the 




stove in cold weather so fast as it should be admitted and exhausted ; 
and some very effective means would be required for heating the flue 
c dm order to secure a sufficiently rapid exhaust. But defective as 
this plan is, it is vastly better than none, and probably it is much better 
than anything provided for a great majority of schoolhouses. It has 
this advantage, that it can be introduced into old houses. 

The Eureka ventilator is made to supply fresh air on the principle of 
the flue a b (Fig. 4), and if six or eight of 
them are inserted on two of the outer CeiUn^, 

walls of an ordinary schoolroom, they \ 

will supply an amount of fresh air that * ^ 

will sustain life fairly well. As the air > 

enters through one of these ventilators 
it has a tendency upward; the air is 
thus diffused, and it is therefore less lia- 
ble to strike the heads of the pupils in a 
cold current. The principle is illus- 
trated in Fig. 5. The slats at a, like 
an ordinary window blind, shed the « , « ^ 

•^ , , . , FiQ. 5.— Eureka ventilator. 

water in a storm ; those at b give the 

incoming air an upward motion, and diffuse it through the room. 
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The trapdoor hinged at c may be used to close the ventilator; and it 
is operated by a cord extending into the room and passing over a 
pulley. 

In the absence of even this method of admitting fresh air, a very- 
simple means may be supplied by fitting a piece of board 3 or 4 inches 
wide, so that it may be placed under the lower sash of a window, 
and completely close the opening. The raising of this lower sash will 
leave an open space between the upper and the lower sash, through 
which the air will enter the room with an upward motion (Fig. 6). Of 
course, such a simple contrivance will not afford good ventilation \ it is 
simply better than nothing. 

With these last two methods for admitting fresh air, and with such 
a stove as has been described above, the value, such as they have, will 

depend upon the means of exhausting the 
air. In cold weather the exbanst should 
always be from the bottom of the room, 
close down to the floor. It may be secured 
through a flue adjoiliiiig the smoke-flue of 
the stove and heated by it. Such a flue 
ought to have one register near the floor, 
and another near the ceiling. The latter 
should be closed, except in warm weather 
and for a few hours after school. Its use is 
to remove the vitiated air that may settle at 
the top of the room, as illustrated in 
Fig. 1. 

A much better method of heating by or- 
dinary stoves is to surround the stove with 
a jacket extending to the floor, and having 
a door in front through which to regulate and feed the stove. Beneath 
the stove an opening may be made in the floor and connected with the 
outer air, but never with the basement. The fresh air from outside is thus 
heated as it passes into the room ; and if the exhaust is near the stove, 
and through a flue extending to the floor, the conditions are excellent, 
provided that the stove, the air supply, and the ventilating flue are of 
sufficient size. They ought to be about four times as large as is gener- 
ally thought. Such a stove as is here described is shown in Fig. 7. 
By closing the ventilating flue and the outer air supply at night, and 
by opening the door of the jacket, or the lower part of the jacket, the 
air within the room may be kept warm, when it is unoccupied, with a 
low fire. In this way the room m>y be well heated before the pupils 
enter ; but while pupils are in the room the supply and the exhaust 
of the air should continue. 
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Fig. 6. 
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If the register in the ventilating flue at the top of the room is kept 
open, then the warm air from the stove will pass ap and directly out of 
the room, as surely as water will flow from a hole in the bottom of a 
barrel ; and the room will be neither heated nor ventilated. This upper 
register ought always to be closed when the room is to be heated. 




Fig. 7.— Jacket stove. 

There are various jacket stoves or heaters in the market that embody 
the principles outlined above. All these are connected through the 
floor, at the base, with a flue extending to the outer air; and in this 
flue the current is regulated by a damper. On the second floor of a 
house this flue may be carried between the timbers to the outer wall 
of the house, where the opening should be protected from storms by 
slats sloping downward, like those of the Eureka ventilator referred to 
above (p. 15). 

710— No. 3 3 
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Fio. S.^Interior view of schoolroom beater. 
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ITlG. 8 a.— Exterior view ot schoolroom heater. 
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Fio. 10.— The unit schoolroom heater. (Designed especially for hard coal.) 
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Fio. 10a.— The daplex schoolroom heater. (Designed especially for hard coal.) 

This is the latest and one of the best of these ventilating stoves or 
heaters. It has one, two, or three fire boxes, all or a part of which 
may be used, according to the temperature. The air may be taken from 
the outside when the school is in session ; or at night and before school, 
when the air in the room is pure, this air may be passed through the 
heater and raised to the required temperature. Connected with this 
heater is a ventilating flue that is heated by the smoke pipe, and by 
this flue the foul air may be exhausted from the room at the back of the 
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Stove and just below where the warm fresh air enters. This secures 
the most perfect distribution of the heated air throughout the room, as 
is shown in Fig. 30. The use of this heater does away with the neces- 
sity for a separate ventilating flue. It is therefore specially adapted 
to introduction into houses already built. One large heater may also 
be used for heating and ventilating two rooms, one above the other. 
(See, also, Appendix I.) 

HOT-AIR FURNACES. 

These ventilating or jacket stoves are adapted to small houses with 
only one or two rooms. Larger buildings may be better and more eco- 
nomically heated by furnaces in the basement. Such a heating appa- 
ratus, being in one place or in several places near together, can be more 
easily cared for by the janitor than several stoves in different rooms 
and on different floors, and all the noise and confusion in the school- 
room is avoided. The dust, too, which inevitably escapes more or less 
from any Are, is kept in the basement, and it need not get into the 
schoolroom at all, as it must where stoves are used. 

Heating rooms by hot air has this advantage, that there can be no 
heat without a change of air; hence there is always ventilation where 
there is heat. If the room is warm, there is ventilation of necessity. 

On the other hand there is an evil attendant upon this means of 
heating. Unlike radiant heat, it is the air of the room, and not the 
walls and furniture, that is heated. The air warms the room, and not 
the room and the lire the air, as where radiaflt heat is used. (See p. 11.) 
Moreover, as the air is raised in temperature, its capacity for moisture 
is increased. It dries the furniture and finish of the room, causing 
shrinkage and cracks, and it absorbs the moisture from the skin, throat, 
air-passages, and lungs of the' pupils, making them feel parched and 
dry. This is very unhealthy. It causes diseases of various kinds. This 
evil has produced a prejudice against hot-air furnaces, but the evil may 
be easily avoided. It has been caused by th'e'general custom of heat- 
ing the air too much, and even burning it — charring any impurities 
contained in the air and destroying the oxygen, which is the life- 
giving principle of pure air — and by inattention to moistening the air 
sufficiently. 

Usually, in the old furnaces, a small quantity of air has been delivered 
to the room at a temperature of 150° or 200°, to mix with the cooler air 
of the room so as to produce the required temperature of 68°; and 
again, the attempt has frequently been made to send a current of hot 
air into a room without any means of removing the air already in the 
room. This attempt is as futile as trying to pour water into a bottle 
already full. Most rooms are not absolutely tight. There are crevices 
around the doors and windows and through the walls more or less, and 
the doors are opened more or less frequently, so that the attempt has 
not always been entirely unsuccessful ; but when the wind blows against 
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tbe windows and forces itself through the crevices in the walls, the 
heated air will not rise into the room so situated, and it is impossible 
to heat it in this way. By connecting a register near the floor of such 
a room with the bottom of the furnace where cold air is admitted, the 
cold air in the room will fall to the lower part of the furnace, creating 
a vacuum in the room, and the heated air from the furnace will then 
rise to fill and warm the room. The air should never be thus reheated, 
however, in an occupied room. 

In all methods of heating by hot-air furnaces, or by indirect steam or 
hot water, as much care should be taken to secure the exhaust from the 
room as is taken to supply the room with fresh warm air. And this is 
required for the heating alone, as well as for the proper ventilation of 
the room. 

In all methods of this indirect heating, provision should be made for 
supplying the air with the amount of moisture which it demands in con- 
sequence of its higher temperature. This moisture may be supplied by 
placing a shallow dish of fresh water in such a position that the warm 
air may pass over it and absorb the moisture. And here great care 
should be taken to secure the right amount of moisture lor the air. If 
this amount is too little; parched lips and throats, and shrunken furniture 
will result, as shown above ; if the amount of moisture is too great, 
equally pernicious results will follow. The pupil will breathe an atmos- 
phere saturated with steam ; the furniture, ceilings, and the books and 
apparatus will be injured : and the health of the children will be se- 
riously exposed when they go into the cold outdoor air with their cloth- 
ing moist, and the pores of their bodies and lungs opened by breathing 
an atmosphere of steam, more or less perceptible. 

In any method of heating, the proper regulating of the moisture is of 
supreme importance^ it is of more importance in using furnaces, because 
not unfrequently the iron of thes^ furnaces is heated to redness, so that 
the capacity for moisture of the air is very greatly increased. In heating 
by hot water the apparatus can never rise to a temperature much above 
2120. This danger is, therefore, reduced to a minimum. And in heating 
by steam the apparatus never rises to so high a degree of heat as it 
may, and sometimes does, with furnaces. 

In respect to steam heat there is a popular fallacy that because steam 
is apparently moist the air heated by steam must, therefore, be moist. 
This is an error, because the air is heated only by contact with the iron 
of the radiators ; and this iron is heated by the steam within. Pure 
steam at a high temperature is dry. Whether or not the steam is dry 
within the radiators, so long as it is confined within them the air with- 
out receives no moisture from the steam. The reason for the popular 
impression that steam heat is not dry is that quite generally more or 
less steam escapes from the apparatus. This escape is likely to result in 
too much moisture; and when this is the case the evil is likely to be 
greater than if there were too little moisture. It is within the experience 
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of most persons familiar with steam heat that it dries the air and 
shrinks the furniture. It is equally wichin their experience, that a 
leaky radiator will render a room uninhabitable from the presence of 
steam. 

In heating by hot-air furnaces, the radiating surface should be very 
large ; and it should never be heated to redness. The fire should be 
made to burn slowly, and never be forced. When fresh coal is put on 
the draft should be left open for a while, and a sufficient amount Of air 
should be admitted above the coal to consume all the gas that is gener- 
ated by the heat of the burning coal below the fresh coal. The draft 
should not be closed till all the fresh coal has been burned to redness. 
It is generally more economical to supply fresh coal often, and in thin 
layers. This is true of boilers and stoves as well as of furnaces. Not 
infrequently in passing houses where furnace fires are kept, a percep- 
tible odor of coal gas may be perceived in the street. This is caused 
by placing a layer of fresh coal upon a hot fire and closing the draft of 
the furnace. The apparatus is then converted into a gas manufactory ; 
and the gas, which is the most valuable part of the coal for combustion 
and heat, is driven off and escapes up the chimney without burning, 
and without producing any heat. All this waste gas could be converted 
into heat by leaving the draft open till the coal burns to redness, and 
by admitting a small quantity of air above the coal, as most furnaces, 
stoves, and fire boxes of boilers have provision for doing. 

The air to be heated should be admitted through the basement by 
openings in the walls on more than one side of the building, in order 
to avoid the influence of the wind. If the wind blows directly into the 
cold-air flue, too much air may be forced into the furnace, and through 
it into the room before becoming sufficiently heated. On the other 
hand, if the wind is in the opposite direction, not enough air will easily 
pass into the furnace. If the air is conducted to the furnace from 
a room in the cellar connected with opposite sides of the building, 
neither of these difficulties will be experienced. Great care should be 
taken that the air supply is pure and as free as possible from dust. It 
should not be taken from near the ground, nor from the vicinity of 
damp places where any decomposition is going on. It should be con- 
ducted to the furnace in an air-tight duct of wood or sheet iron. It is 
dangerous to conduct the fresh air below the floor of the basement, 
because stagnant water and decaying substances are liable to get into 
the duct and contaminate the air. But if it is necessary in any case to 
conduct the fresh air in this way, the greatest care should be taken to 
make the duct of brick laid in hydraulic cement and water- tight; and 
the duct should be easily accessible for inspection at frequent intervals. 

The hot-air flues leading from the furnace to the schoolroom should 
always be vertical, and they should lead directly up from the furnace. 
The best way is to build them of brick plastered smoothly on the in- 
side, but they may be made of galvanized iron. They should be of 
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ample size, having a section not less than 2 feet sqaare for a room of 
40 pupils ; and they should enter the room not less than 8 feet above 
the floor. Thej)pening should be either wholly unobstructed or, at 
most, screened by an iron frame with wire (not above one-eighth inch), 
with a mesh of about 2 inches. This opening for the admission of air 
should be from one-third to one-half higher than its width; and the 
top of the flues should slope upward to the top of the opening into the 
room in lobster-back form. 




Fig. 11. 

The top of the flue (Fig. 11) gives the air an outward direction into 
the room. The screen (Fig. 12) is so made as to keep things out of the'^ 
flue and at the same time to obstruct as little as possible the free pas-*/ 
sage of air. If the flue were left entirely open, not much harm could 
follow, because of the height; but the opening will look better with 
the screen. This opening is never to be closed, for when the air enter- 
ing the room is too hot, by a simple contrivance the hot air is partly or/ 
wholly shut off at the furnace, and by the same damper the cold air is 
admitted through the same flue. Fresh air, either hot or cold, enters 
the room all the time, and the temperature may be regulated by the 
teacher at any time. The simple mechanism for producing this result 
is shown in Fig. 13. While the damper a is closed hot air from the 
furnace passes up the flue ; by moving the damper to the position^ft, 
the hot air is partially shut off and cold air is admitted from the direc- 
tion d] by moving the damper to c, only cold air can pass up the flue 
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to the room. This damper is to be operated by the teacher. The hot 
air rises into the room by its rarity. The cold air is drawn up by the 
exhaust-ventilation of the room, which is explained below. 

2 ft. 




Fig. 13. 
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There is abundant reason for admitting the warm air from the flue at 
least 8 feet from the floor. If the air is admitted through a register in 
the floor, it immediately rises to the top of the room ; in passing up it 
causes a draft or movement of the air in the rooin, which interferes 
with the best distribution of the fresh air throughout the room, and which 
is unpleasant, if not unhealthy, to the pupils near the register; and the 
air is not admitted so fast as it is through the flue at least 8 feet from 
the floor, and, worst of all, the dust and smells from dirty shoes over 
a register in the floor contaminate badly the air entering the room. 

THE EXHAUST. 

As already stated, the air should ordinarily be exhausted near the 
floor. It never needs to be exhausted from any other part of the room 
if the fresh air is admitted near the top of the room as has just been 
described. In order that the exit may be as rapid as the influx of the 
air, the exhaust or ventilating flue should be as large as the hot-air 
flue; and it does not need to be any larger, because the hot air is more 
rarefied than the colder air, which goes out near the floor. Some means 
of heating these exhaust or ventilating flues is necessary in order to 
produce a draft. A compact method of securing this exhaust is illus- 
trated in Fig. 14. Here the furnace is located at the side of the hot-air 
flues. These flues open at the top of the furnace for the admission of 
the hot air at 1 1 1 1, and they connect at the bottom with the cold air 
supply below the furnace at 2 2 2 2. They are provided (at 1) with 
dampers (a, Fig. 13) for mixing the hot air with the cold when desired. 
The cut (Fig. 14) contemplates the heating of four rooms, on two stories, 
with the flues between the two rooms. The flue a extends to the top 
of the first-story front room; a' to the back room, same story; h ex- 
tends to the top of the front room, second story, and h' to the back 
room on that story. The flue a continued to the highest point of the 
roof serves as a ventilator for the second-story front, and a', extended 
in the same way, ventilates the back room on that floor. The flue c ex- 
tends from the first floor to the top of the chimney and exhausts the 
front room, and & exhausts the back room on the same floor. The 
smoke flue d extends from the basement. By this arrangement it will 
be seen that the smoke flue d heats the ventilating flues c and & on 
either side, and causes in them a draft upward, while the ventilating 
flues e and & are heated by the hot-air flues a and a' below them (the 
hot air impinging against the sheet-iron bottoms of the flues e and e'), 
and by the hot air flues h and h' extending up beside them. The flue 
& is carried to one side, above the hot-air flue h^ so as to be extended 
through the roof with the other flues. All these exhaust flues should 
open into the room at the floor, through passages as little obstructed as 
the hot-air flues (see Fig. 12). It is better to arrange these openings 
near the floor, and not more than 6 inches in height. They can often 
be placed in the rises of the rostrum (when the ventilating flue is behind 
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the teacher), or they may be placed at the bottom of a breastwork in 
front of the flue, and 3 or 4 inches from the wall. In front of all regis- 
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ters and windows where they are opened, tack a piece of ribbon 6 inches 
long to indicate the direction of the current. 
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Two furnaces may be placed side by side, connected with the same 
cold air supply, and with one hot-air chamber above. One of these 
furnaces can then be used in mild weather, and both in very cold 
weather. 

It is to be observed that the longer flues b and ft', extending to the 
upper floor, will have a stronger draft than the shorter flues a and a' ; 
and hence the greater quantity of air would be delivered to the upper 
rooms. But on the other hand the exhaust flues e and e'^ from these 
upper rooms, are shorter than the exhaust flues c and &, from tbe 
lower rooms ; and besides, these shorter flues are not heated by the 
hot-air flues so thoroughly as the flues c and & are heated by the 
smoke flue. As the change of air in the room is effected by both the 
movement of the incoming air and the exhaust it is probable that the 
combination of these two forces on the two floors will be about equal. 
But if this is found not to be the case, the movement of air from the 
hot air chamber of the furnace up the flues aa' b b'^ respectively, may 
easily be regulated at the openings 1111. 

By the arrangement of the ventilating flues shows in Fig. 15 (plan 
and elevation), all four are heated by contact with the smoke flue. As 
all these heating and ventilating flues are in the partition between two 
rooms, the smoke flue, with the ventilating flues around it, should be 
placed in the corner of the room, to avoid too many jogs in the parti- 
tion. 

The draft through the ventilating shafts just described, though it 
may work well in the coldest weather and with a hot fire, is not suffi- 
ciently effective in mild weather ; and with no fire in the furnace these 
flues will not draw at all. 

A great improvement in the means of exhausting the air from a 
school-room is described below by reference to Fig. 16. In this case 
the furnace, as before, is located at the side of the hot-air flues a a' 
and b b'. These flues are connected with the hot-air chamber by the 
openings 1111; and these openings are provided, each, with a damper 
(a, Fig. 13) which connects with the cold-air chamber of the furnace at 
2 2 2 2. These hot-air flues extend to the top (or nearly so) of the room 
to be heated, b to the second story, front; b' to the second story, back; 
a to the first story, front; and a' to the first story, back. By the side 
of the smoke flue d a ventilating shaft d' extends from the basement to 
the top of the chimney ; and the heat from the smoke flue creates a 
draft in this shaft when the furnace is heated. In summer the draft is 
produced by the heater H, Connected with this shaft; by a brick 
channel /, below the bottom of the flues, are the ventilating flues e & 
from the second floor, and c & from the first floor — front and back 
respectively. Each of these has an upright register at the floor ob- 
structed as little as possible (see Fig. 12). The strong draft up the 
shaft d' exhausts the air from the rooms, downward through e e' and 
c &. When the furnace is not fired, a fire in the heater E makes a 
continuous ventilation. 
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A closely fitting door of the sainjf dimensions as thd horizontal sec- 
tion of the four flues c & and e e' in;§y be inserted at the lower end of 
tliese two flues, on the front side, next to the furnace. If hinged at 
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the bottom, when opened backward this door will disconnect these flues 
from the channel/ and connect them with the cold-air supply of the 
furnace. By this means, when the rooms are not in use the air can be 
drawn from each of them into the furnace through the flues e d and c d^ 
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and as it becomes heated it will pass to the rooms again through the 
flues a a' and h h\ In this case the outer-air supply of the furnace 
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would, of course, be shut off. It goes without saying that when the 
rooms are occupied the air should never be reheated in this way. 
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Positive ventilation by means of the shaft dl and the heater IT, the 
ability to reheat the air of the room when this is desirable, and provision 
for changing the air in mild weather, all show the superiority of this 
means of exhaust over that previously described. This arrangement 
of flues is compact; and for heating and ventilating a third story it is 
only necessary to provide the requisite number of hot-air and ventilating 
flues. If six rooms are to be heated in this way, a battery of two or 
even three furnaces may be ranged side by side and one or all may be 
fired, according to the weather. This downward ventilation may be 
made useful in another way, which will be referred to in connection 
with the water closets, on page 41. 

The principle of the downward draft is here thus carefully described, 
because it is the best way to control the movements of air in schoolhouses 
of considerable size, by means of the rareflcation of the air by heat, 
and at all seasons ot the year. In practice its introduction has secured 
the best results attained, and the control of the air currents can be 
more economically managed in the basement than it could be in the 
attic of a house. This control is as complete in mild weather as it is 
in cold. 

There is a modification of this downward draft, as set forth above, in 
the plans of the Toledo schoolhouse (see Figure 37). As there illus- 
trated, the air of the schoolroom is exhausted through openings at the 
baseboards and beneath the windows. It is then drawn along under 
the floor to the downward flue. By this means the exhaust from dif- 
ferent points on two or more sides of the room distributes the pure air 
thoroughly ; the withdrawal of the air of the room below the floor 
tends to keep the floor warm ; and at the same time the draft across 
the floor does not strike the feet of the pupils. With this system ex- 
cellent results have for years been secured at Toledo, Ohio, at Roches- 
ter, N. Y., and at many other places. It is to this system that we owe 
the first application of the principle of the downward draft. The move- 
ment of the incoming air by this arrangement is shown in Fig. 30. 

But, considering the cost of construction, it is doubtful whether 
equally good results might not be obtained by placing the exhaust at a 
single point, at the floor, and as near as practicable beneath the hot- 
air register, as shown in Fig. 16. 

It is a well-established fact in the warming and ventilating of rooms 
full of people that the air should be raised to a moderate temperature — 
never more than lOQo F. — an J 'admitted in large volumes, through 
ample flues near the top of the room ; and that the exhaust should be 
from the floor through flues of equal or greater capacity ; and, consid- 
ering economy and compactness of construction, the best way to ex- 
haust the air is through a single flue from each room, as shown in Figs. 
16 and .31. 

710— No. 3 3 
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BEST VENTILATION IN A CLOSED BOOM. 

But, in order to insure tbe best ventilation, a room should be tightly 
built and the doors and windows should be kept closed. If a window, 
a transom, or a door is left open, the movement of the air necessary to 
thoroughly ventilate and warm every part of the room will be dis- 
turbed, and the desired results will not be attained by any system. 

In the cold climate of the Northern States, in winter, the cold glass 
of the windows chills the air within *the room as fast as it comes in 
contact with the glass. If the air is at 100° and the glass at 0°, a 
downward current is at once produced ; anyone sitting near the win- 
dow feels this cold current, and usually he thinks that the cold air is 
blowing in at the window. If such were the case the air would^ at 
least, be fresh and pure; but the air within, which produces the Ce- 
rent by being chilled, is not any purer for parting with its heat. In 
like manner stagnant or filthy wat«r may taste better when in an ice 
pitcher; but it is filthy none the less. 

If one-fourth of the wall space of a room is glass, in zero weather 
this glass has the same effect upou the air as the same number of 
square feet of sheets of ice would have. The air simply parts with its 
heat and falls to the floor. No good ventilation can be had and much 
fuel is wasted. To obviate this loss and to insure good ventilation, 
double windows should be provided in all cold climates. The cost of 
these will be saved in two winters ; but, if there were no saving in cost, 
the increased comfort of pupils would compensate for the extra expense, 
because the temperature of the room can then be made uniform through' 
out. And it is a mistake to suppose that double windows are needed 
only on the north or the west side. The cold winds generally blow from 
that direction, east of the Rockies, it is true, and hence the windows 
are needed more on that side; but the air of the room is chilled o;i a 
cold day by the glass on the other sides nearly as much as on the north. 
(See p. 51.) 

HOT AIR, STEAM, AND HOT WATER. 

Opinions differ as to which is the best of these means of heating a 
schoolroom. For small houses the hot-air fomaca^s unquestionably 
best, provided always that it is of ample size and that it is never heated 
to redness. It requires less care than steam. By it the room can be 
heated in a shorter time, and after school there is less waste of fuel. A 
prime consideration in heating a schoolhouse is that the rooms are 
used only 5 or 6 hours of the 24. We require a large amount of heat 
for those few hours tmd very little for the remaining 18 or 19 hours. 
With a proper furnace a brisk fire for 2 or 3 hours before school will 
heat the rooms to 70 degrees, and after the close of school at 3 or 4 
o'clock a low fire through the night will keep them sufficiently warm, 
especially if the ventilating flues are conducted iuto the cold-air box. 
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Id mild weather also tbe fires cau be kept low and the amount of heat 
can be easily regulated. 

With large buildings, on tbe other baud, a single large boiler will 
furnish steam for tbe whole, and the fire is all in one place. The steam 
can be conducted to radiators at tbe bottom of the hot-air flues in any 
part of the building, and at these points tbe radiators act each like a 
hot-air furnace. It is best in all cases to mass tbese radiators as much 
as possible, and with flues leading up from them, as in Fig. 16, but in 
this case it is better to have the radiators for each room in a separate 
box, and all these boxes connected with the same cold-air supply. A 
brick chamber, supplied with fresh air like a furnace, may be con- 
Btructed with flues on tbe back side opening at tbe top of the chamber 
for tiie hot-air supply and at the bottom connected with the cold air. 
Tfce damper a, Fig. 17, when closed permits tbe free passage of hot air 
up the flue and into tbe schoolroom, and when moved to b a part of 
the hot air is shut off and the cold air from d will mix with it. This is 
the same construction which is shown in Fig. 13 for afurnace. Within 
this brick chamber a box of galvanized iron is constructed opposite 
each flue and extending to tbe top of tbe chamber j tbe bottom of tbe 
box is a foot or two from tbe bottom of tbe chamber, and is made with 
an adjustable opening lor tbe admission of fresh air. Tbe front of tbe 
box is distant from the front of tbe chamber far enough to allow tbe 
janitor to pass along, and this front opens on hinges. Within each of 
these boxes are two coils of radiating pipes, each with a separate shut- 
off. It will be seen that in this way one or both coils for each room 
may be heated, according to tbe weather, and each room is heated in- 
dependently of tbe others. 

This construction applies equally to hot-water apparatus if that 
should be preferred. 

Direct radiation by either steam or hot water may do for corridors; 
a coil may be placed beneath a platform, in a ventilated apartment, for 
warming tbe feet. But this means of heating a schoolroom is open to 
the same objection as tbe common stove. It may be useful to supple- 
ment the indirect beat in tbe coldest weather, but an additional coil in 
the box described in Fig. 17 is both better and cheaper for tbe extra 
heat. A radiator in tbe room may be surrounded by a jacket connected 
with the outer air like tbe jacket stove, p. 17. But tbe contact of tbe 
cold air is apt to cause snapping of tbe pipes, so that this device is not 
advisable. 

This snapping of tbe pipes is a great objection to steam heat, but, 
when skillfully put in and especially when tbe coils are dispersed as in 
Fig. 17, very little trouble will be experienced from this source. Tbe 
most serious objection to steam beat is tbe difficulty of regulating it in 
mild weather, but even here tbe mixing of tbe cold air, as in Fig. 17, 
prevents all trouble in the schoolroom and reduces the difficulty to a 
mere waste of coal. There is one further objection : no beat is derived 
from a steam-heating apparatus till after the water in tbe boiler is 
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raised to 212° and steam begins to form. The remedy is for the jani- 
tor to make an early start. 
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Fig. 18.— Front view. 
THE SPACE AND AMOUNT OF AIR PER MINUTE PER PUPIL. 

In 1882 a commission of experts was appointed to report upon the 
school buildings in the District of Columbia. The following are their 
conclusions: 

1. That all sides of the [school] huilding shall he freely exposed to light and air; 
for which purpose they shall not he less than 60 feet distant from any opposite 
building. 
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2. That oot more than three of the fLoors^better only two — shall be occnpied for 
classrooms. 

3. That in each classroom not less than 15'8quare feet of floor area shall be allowed 
to each pupil. 

4. That in each classroom the window space shall not be less than oue-fonrth 
of the floor space, and the distance of the desk most remote from the window should 
not he more than one and one-half times the height of the top of the window from the 
floor. 

5. That the height of the classroom should never exceed 14 feet. 

6. That the provisions for ventilation should be such as to provide for each person 
in a classroom not less than 30 cubic feet of fresh air per minute, which amount must 
be iutroduced and thoroughly distributed without creating unpleasant drafts or 
cansing any two parts of the room to differ in temperature more than 2^ F. or the 
maximum temperature to exceed 70° F. The velocity of the incoming air should not 
exceed 2 feet per second at any point where it is liable to strike on the person. 

7. That the heating of the fresh air should be effected by indirect radiation. 

8. That all [wardrobes or] closets for containing clothing or wraps should be 
thoroughly ventilated. 

The importance of the last of these recommeDdations may be noted 
here for want of a more appropriate place. Both for the comfort of 
pupils on returning from school, and for the sake of pure air in the 
schoolrooms, all the wraps, overshoes, hats, caps, and umbrellas, and 
stockings on stormy days (an extra pair being kept at school for a 
change), should be deposited in a well- ventilated and heated room. In 
large buildings a part of the basement may be used for this purpose ; 
and in schools for large children, a small, separate, and well ventilated 
closet, about 12 by 18 inches, with a door and lock, should be supplied for 
each pupil. With smaller children, who need the oversight, or the as- 
sistance, of the teacher, the cloakrooms should adjoin the schoolroom. 
»ee Figs. 43, 46, 52, 54, 60. 

It appears that about 200 cubic feet of air space should be provided 
for each pupil ; the number of square feet of floor space for each should 
be 15. A schoolroom 30 by 25 by 13 feet would then seat about 40 
PujHls. For each of these, 30 cubic feet per minute of fresh warm air 
should be supplied ; and the same quantity, of course, should be with- 
drawn from the room. All the air in the room would be changed in 
ten minutes. This air should not move at a greater velocity than 2 feet 
per second, or 120 feet per minute, where it is liable to strike the person. 
Eight feet or more above the floor it may move with greater velocity, 
or 200 feet a minute. This requires an opening of about 6 square feet, 
or 2 by 3 feet ; and this opening would discharge easily a vertical flue 
of 2 by 2 feet, horizontal section (Fig. 11). 

In cold weather, when the difference in weight of the warm air and 
the cold is greatest, this velocity can easily be attained. In mild 
leather, however, the result is less positive. But in mild weather there 
is less difficulty about ventilation. The windows may be thrown open 
ou warm days. 

But to make this movement of air positive, and to remove all possi- 
bility of failure, the air may be moved by a fan, or blower. This can 
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be 80 constructed that it may either force the air into all the chambers 
(Fig. 17) from a single fresh-air supply, and deliver the requisite num- 
ber of cubic feet per minute to each room, or it can be made to pull 
the air from each room through the exhaust flues or up tie shaft as in 
Fig. 16, if all these Hues are connected with a single shaft. 

In forcing the air into the room, through the radiators, it is found, 
first, that disagreeable drafts are caused, and that the air moves too 
rapidly to the opposite side of the room and along the ceiling; and, 
secondly, it is found that only about one-half of the warm air delivered 
to a room goes out through the ventilator. If the fan is used, on the 
other, hand, to pull the air from the room through the exhaust flues, a 
much smaller quantity of air enters through the warm-air flues than is 
withdrawn through the exhaust; the balance finds its way into the 
room, unheated, through the doors and windows. 

In order, then, to produce absolute perfection, and to deliver 30 cubic 
feet of warm air through the flue at the top of the room, and to with- 
draw an equal amount through the exhaust flue, two fans would have 
to be used, of equal capacity, and moving on the same shaft, or with 
uniform velocities ; and this construction would not be difficult. But 
even here there would he this element of uncertainty ; that the air from 
many rooms being withdrawn through a single shaft, more air, at a 
greater velocity, might be exhausted from one room than from another; 
and the same difficulty would occur with the warm air. Nothing short 
of a separate flue for each room, both for the supply and for the exhaust, 
and a blower in each to deliver and exhaust the required volume of air, 
would secure this absolute perfection. In addition to this, the tempera- 
ture of the incoming air would need to be kept at the proper degree, by 
some kind of an automatic regulator. Or, instead of the separate flues 
and fans for each room, the air could be forced in from one source by a 
single fan, and exhausted by another through a single shaft, as at first 
described ; and the quantity of air passing through each register might 
be controlled by a governor placed in the flue and controlling the 
damper. Such an apparatus would not be difficult to construct. 

But it is doubtful whether this supply of air needs to be reduced to 
so fine a point. With a heated shaft, as shown in Fig. 16, and with 
heated air from furnaces, as shown in that figure, or from steam coils, 
as shown in Fig. 17, the results are probably as nearly perfect as this 
generation is prepared for.* 

* A powerful heater is shown in Figs. 66-71. 

The care and expense of tbe machinery for driving a fan are considerable ; the appa- 
ratus is liable to break down frequently, and a skilled workman is required to manage 
it. By a careful estimate of a skilled architect it would require 800 feet of 1^ inches 
steam pipe for each box (Fig. 17) to supply 30 cubic feet per minute at 100° for each 
pupil, in a room of 40, at zero weather, and with 5 pounds of steam pressure. 
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HOW TO SECURE GOOD DRAINAGE. 

Where there is a water supply great danger to health is liable to be 
caused by imperfect plumbing and sewerage, especially if the closets 
are in the school building or in the basement, or in an annex^ connected 
with the basement. Traps to wash basins are liable to siphon and al- 
low sewer gas to escape into the closets. The best of closet bowls, in a 
schoolhouse, are liable to become clogged by pieces of paper, apple 
cores, and other substances which children will throw into them. Uri- 
nals especially are frequently a source of disagreeable odors. To avoid 
exposure it is important that these conveniences should be kept warm, 
and that they should be reached without going into the open air. The 
greatest care should therefore be taken, both in their construction and 
in their daily inspection. 

All drain pipes from closets and wash basins should be extended 
through the roof. All traps should be ventilated so as to be non siphon- 
ing. If closet bowls are used they should be of the simplest construc- 
tion. Any complicated apparatus is liable, and likeb^, soon to get out 
of order. It will not do to trust pupils to flush the closets ; and almost 
any automatic apparatus for flushing them is likely to become inopera- 
tive. If such bowls are used they should be flushed at recess by the 
janitor, or by a constant flow of water during that time ; and for the 
rest of the time of school session, when they are in occasional use, there 
should be an intermittent flush. The same is true of the ordinary urinals, 
even the best. 

For schools, the Parsons trough water-closet (Figs, 32-35) is bet- 
ter than ordinary bowls, because it is not easily clogged. It is made in 
sections, and as many sections may be used together as are neederl. It 
should be fitted with separate seats shutting close at the top, and with 
partitions to keep the closets separate; and each closet should have a 
door raised 3 or 4 inches from the floor. The space below the seats 
should be ventilated by connecting it with a shaft having a strong draft, 
like that in Fig. 16. During recess the water should bo turned on 5 at 
Qtber times the tank empties itself once in 5 or 10 minutes. The pecul- 
iar form of the bottom allows a small quantity of water to stand in each 
^^ the sections; and the flow cleans out the trough thoroughly. Be- 
neath and behind the trough there should be no woodwork ; the floor 
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should be made of brick or cemeDt, and the back of slate. It i8 better 
to have the partitions between the closets also made of slate. There 
is then no woodwork except the seats, and these should be frequently 
painted, or oiled if made of hard wood. 

THE DRY CLOSET. 

In many schoolhouses a system of dry closets, so called, has been in 
use many years with the most satisfactory results. Where there is no 
water supply, they are unqualifiedly superior to any rival sanitary ap- 
pliance ; and those most familiar with their working regard them as 
superior to any kind of water-closets for school use. 

In these closets the deposits are dried by the constant passage of a 
current of air, through the vault and up a heated flue. The construc- 
tion of the yault being fireproof, the contents are burned occasionally, 
or they may be removed if desired. 

It is much more economical to conduct the vitiated air of the school 
rooms from the bottom of the ventilating flues through the dry-closet 
vaults, and thence up the shaft. This air from the schoolrooms is 
warmer than the external air ; and it therefore dries the excreta more 
rapidly. The means for doing this is illustrated by Fig. 19. It 
has been claimed that with such a connection of the vault with the 
flues from the schoolrooms, there is danger of back-drafts. But in 
practice this does not occur, as is stated in the extract from the Wis- 
consin report, Design 12, and in hundreds of ])laces. But if such a 
danger should be feared, it can easily^ be guarded against by a shut- 
off*, and by connecting the end of the vault with the outer air. See K in 
Fig. 19. 

Of these closets one writer says: 

The theory of dry closets is very simple. The practical application is simple and 
efficient. Instead of hiding away in pits and sinks — trapsand snaresfor the nn wary — 
or slushing miles of filth into rivers of pollution, and passing it from hand to band, 
the giant is to be strangled in its cradle by the constant watchfulness of draft and 
evaporation. 

When every hoase shall have a shaft to evaporate its filth ; when the human brain 
shall set down to cheapen and render efficient this system, then sewer and vault will 
be the adjuncts of the drying process. 

Another writer says : 

These closets are compact, taking up about the same space as water-closets. For 
clos<*t8 built in basements, the foundation is a bed of cement, and the walls of the pit 
for retaining the deposit are of brick laid in cement. The construction is such that 
in no case can the urine (or any of the contents of the closet) come in contact with 
any wood surface. All the surfaces exposed are such that no material can be satu- 
rated with the moisture ; therefore there is at no time any perceptible odor, and when 
burned out, the pi t is as clean as when new. The excrement is deposited on a perforated 
false bottom, or screen, which allows all moisture to fall to the bottom of the pit. 
This not only separates the solid from the liquid, but has the additional advantage 
of presenting three surfaces to the desiccating current of air passing through the 
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closet. In the direct line of the carrent of air entering the pit, is placed a heater for 
raising the temperature of the air-onrrent, when the atmosphere is charged with 
moisture ; as on rainy days. In the hoy's closets in schoolhouses, or wherever closets 
are to be used by males only, we provide a ventilated urinal, in which to prevent 
odors from rising, a constant current of air (which is afterwards used for desiccating 
the contents of the closet) is passed downward over the metal or stone surface of 
which the stalls are constructed. 

The structure of these closets is shown in Figs. 36-41, and their 
application in schoolhouses is shown in Figs. 42^ 45, 50, and 53. 

The greatest difficulty in school sanitation has been experienced with 
urinals. They need constant and careful attention, or they diffuse foul 
odors. 

The most perfect construction yet noticed is illustrated by Fig. 20. A 
variation of this construction is shown in Figs. 39 and 40. 
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The floor of both the closets and the urinals should be made of slate 
or Portland cement. The whole apparatus should be thoroughly washed 
every day. The superiority of this apparatus consists in its simplicity. 
There is no wood to become saturated, noplace to clog, and nothing to 
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wash except the smooth partition, back, and trough, and the stone or 
cement floor 5 and all this can be done with a broom and a pail of water. 
If desired, a water pipe can be extended along the slate partition ^, per- 
forated so as to sprinkle the whole surface. But the chief reliance must 
be placed in the daily washing. 
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This kind of urinal may be used without the dry closet ; and in that 
case the space behind the partition g must be connected with the ven- 
tilating flue. 

In confirmation of many of the suggestions thus far made, and par- 
ticularly for their inherent value, two reports are here appended. 

The following, by Dr. H. M. Quinby, superintendent of the State 
Lunatic Hospital at Worcester, Mass., was written at the request of the 
school committee of that city, November, 1888 : 

Ventilation implies a coustant supply of fresh air sufficient for the prompt removal 
or the proper dilation of any impurities likely to occur in the air we breathe. The 
amount of air necessary to effect this object varies with the amount and kind of im- 
purities present. In our dwellings the chief s irce of contamination comes from the 
processes of respiration and combustion, although if our homes be faulty in con- 
struction or neglected, other and still greater impurities may be present as the result 
of the disintegration and decay which is constantly going on in all organized sub- 
stances. These latter impurities, however, can readily be guarded against by clean- 
liness and by the prompt disposal of all effete matter before tbe process of decay sets 
in. The question, therefore, which is here presented for solution is one of prevention 
rather than of removal and belongs to another branch of sanitary science, leaving to 
ventilation its proper office of protecting us from those coustant and unav6idable 
impurities which result from respiration and bodily exhalations. 

Expired air is composed chiefly of watery vapor, carbonic acid (CO2), and organic 
matter. 

Many regard the carbonic acid as the noxious principle in this compound, but from 
the fact that atmospheric air with even 2 per cent, of CO2 added can be breathed 
without discomfort or injury, it is evident that carbonic acid, unless present in 
greater quantities than is usually found even in the worst v ntilated apartments, is 
not iujurious to health. It is probable, therefore, that the poisonous agent in ex- 
pired air must be sought for in the organic matter given off at a high temperature 
and saturated with moisture — the essentials for rapid decay. 

The late investigations of Browu-Sequard and d'Aarsonval go to confirm this 
theory. They find that the Jungs of man, the dog, and the rabbit produce, normally, 
an extremely active poison which is eliminated continually with the expired air. Ac- 
cordhig to those writers, this substance is apparently an alkaloid, and is probably 
the principle which renders confined air dangerous. 

Absolutely pure air is, undoubtedly, essential for the most complete physical de- 
velopment, but it is nevertheless probable tbat our systems may become tolerant of 
a certain amount of impurity, and in this, as in other cases, receive no appreciable 
injury therefrom, provided the dose be not loo great or too often repeated, and 
'^specially if it be supplemented by a considerable daily exposure to the outside air. 
The question arises, therefore, as to where the danger line begins. Upon this 
P<>int, the rule laid down by Dr. Parkes in his Manual of Practical Hygiene is the 
ninst simple and easily applied. He says, **That, without attempting too much, it 
niay be fairly assumed that the quantity of air supplied to every inhabited room 
should be great enough to remove all sensible impurity, so that a person coming 
^iirectly from the external air should perceive no trace of odor or difference between 
the room and the outside air in point of freshness." 

Although the above rule is of great practical utility in determining whether a room 
18 Well— or ill — ventilated, it furnishes us no means of measuring the exact amount 
of impurity present, or of estimating the quantity of air necessary to produce the 
Squired degree of freshness. 

When we attempt to subject the air of a room to chemical analysis, we find that 
the processes necessary for estimating the organic matter are long and complicated^ 
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and that they seldom insure exact or satisfactory results. The carbonic acid, on the 
other hand, is easily determined, and although it contributes but little towards viti- 
ating the air we breathe, it bears a constant relation to the organic matter present, 
and may therefore serve in estimating the more important impurity. Taking the 
CO3 as a measure, we find that the organic matter begins to be perceptible to our 
senses when the carbonic acid of respiration reaches two parts in ten thousand. 
When 2 per cent, of CO2 is present, the air becomes exceedingly oflfensive. 

The quantity of carbonic acid which a person exhales, varies with his age, weight, 
and condition. According to Dr. Parkes's estimate, an adult male in a state of re- 
pose, weighing, say, 160 pounds, gives off 0.7 cubic feet of CO2 per hour ; an adult 
female (120 pounds), 0.6 cubic feet; children (80 pounds), 0.4 cubic feet; amounts 
which may be largely increased, and even doubled, during active exertion. 

If an adult male exhales 0.7 cubic feet of carbonic acid per hour, he should have, 
according to the above standard, an iiourly supply of 3,500 cubic feet of fresh air to 
replace that vitiated by respiration, and if children exhale 0.4 cubic feet per hour, 
the supply of air necessary for them would be 2,000 cubic feet. 

Some authorities hold that these estimates apply only to apartments which are 
occupied continuously, and that in schoolrooms, on account of the shortness of the 
session and the opportunity for frequent ventilation through open windows, this 
amount may be considerably reduced without endangering the health of the pupils. 
None of these authorities, however, think it safe to reduce the amount of fresh aii 
below 20 cubic feet per minute. * * ♦ 

We do not regard 20 cubic feet of aii as providing anything more than tolerable 
ventilation. There would still be a very sensible amount of impurity in the school- 
rooms, and the same care that is now used in assisting ventilation by open windows 
would still be necessary. Although this amount of air is probably as much as it is 
possible to provide in old schoolhouses, without too great expense for alterations, 
it is, in our opinion, much less than is desirable. In all new buildings, provision 
should be made for a supply of from 25 to 30 cubic feet per minute for each scholar. 

Applying the above conclusions to the schoolrooms in question, we find that a 
room 32 by 32 by 10 feet, containing an average of 40 pupils, would require 48,000 
cubic feet of air per hour; that is, that the entire air of the room should be changed 
every 15 minutes. 

At a temperature of 60° and under, air can not be admitted at a greater velocity 
than 2 feet per second without creating unpleasant drafts. At this rate and tempera- 
ture it would require 7 square feet of clear opening to supply the required amount 
of air for the above room, or eight of our common 12 by 18 inch valve registers. 

From this, we conclude that all of the methods of ventilation indicated in the cir- 
cular are alike faulty, and that they differ only in degree. Just how faulty the 
ventilation in in each case, it is difiScult to decide from the data at our disposal; but 
it is a question whether one-fourth of the amount of air necessary for even fair 
ventilation is secured when all the available inlets are kept open to the fullest 
extent that temperature and drafts allow. 

It may not be possible to prove in every case that the health of the pupils is 
injured by such a system, but the fact holds, nevertheless, that there is always great 
danger from breathing air vitiated by the products of respiration. This daugei 
varies according to the amount of impurities present and the length of exposure. 
When the exposure is only for a short period, headache, dullness, and slight febrile 
action may alone result. The cause being removed, these symptoms pass off with 
greater or less rapidity according to the recuperative powers of the person affected. 
But when the exposure is frequently repeated, these symptoms become more per- 
sistent, and even if no actual disease results therefrom, the whole tone of the scholar's 
system may be so lowered as to interfere seriously with his physical development, 
and to render him less capable of throwing off any disease to .which he may here- 
after be exposed. 
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It is amply proved by observations upon soldiers in crowded barracks, prisoners 
in jails, and animals in close and unventilated stables, that when a considerable 
number of persons are condned for a length of time in close and unventilated apart- 
ments, they soon loose color and strength, and become readily susceptible to acute 
and chronic lung diseases. 

The poison resulting from the act of respiration, unlike that of diphtheria and 
typhoid, acts slowly and presents at the outset no alarming symptoms, nor such as 
arelikely to attract the attention of the casual and untrained observer. In many 
cases, nevertheless, it is undoubtedly the chief factor in laying the foundation of 
future lung disease, and especially of consumption. 

In regard to question 6 [whether pupils of 6 require the same amount of ventila- 
tion as those of 14 years of age], there seems to be a certain diversity of opinion 
among sanitary writers. De Chaumont, basing his opinion upon tho difiference in 
the amount of carbonic acid given off by children of 6 and youths of 15 years, would 
place three times as many of the former in a given space as of the latter. 

Dr. Parkes thinks that children, on account of a more rapid tissue change, exhale 
more CO2 in proportion to their weight, than do adults. Dr. Billings would give 
the same amount of air to all classes. Dr. Lincoln holds that the estimate based 
upon the difference in the amounts of carbonic acid expired by primary and high 
school pupils ^* is admissible only on the supposition that the ventilation is efficient. 
In case of defect, or apprehended defect, young children should have equal room 
'with older ones, on the ground of their comparative inability to cope with the dele- 
terious effects of bad air." * * * 

Where water carriage is impossible, as in the country, or out-lying districts of the 
city, a vault of some kind is necessary ; but in place of a huge receptacle intended to 
bold a year's deposit, the closet should be so arranged that the fecal matter can 
readily be disinfected with dry dirt or fine ashes, after each school session, and can 
be easily removed. 

The late Edward S. Philbrick, a distinguished civil engineer of Bos- 
ton, submitted the following in response to inquiries by the same com- 
mittee: 

FresT.— The best methods op construction xsd arrangement op fixtures. 

Plumbing fixtures should in all cases be arranged as compactly as possible. Those 
which are provided for the convenience of teachers should always be directly over 
one another on the separate floors, so as to be served by vertical lines of pipes for 
drainage and water supply. Such fixtures should be placed near but not against the 
exterior wall of the building, so as to be lighted and aired by a near window in this 
wall, but not subjected to the exposure to frost incident to being placed against the 
exterior wall, except on the south side of a building. The water-closets should in 
^ cases have their traps above the floor, and have their water supplied from a small 
separate tank over each closet. The common " short hopper" patterns are the best 
for Buch places, and lead traps are preferable to iron ones, because smoother and 
cleaner. A separate trap should be provided for each closet, sink, or bowl, and each 
trap should have an air pipe from near its top, of same size as the wastes for all traps 
except those serving water-closets, which should not be less than 2 inches in diame- 
ter. These air pipes should all be branched into a vertical pipe of 3" diameter along- 
side the soil pipe by Y branches, and so arranged as to drain freely, and this vertical 
*^r pipe may be branched into the soil pipe by a Y> located above the highest recep- 
tacle for drainage and extended through the roof to such a height as will guard 
Against its obstruction by snow. The part passing through the roof should never be 
less than 4 inches diameter, and should always be left wide open, without bend or 
cowl of any kind. But if the roof be flat and accessible to children, the end of the 
P^pe may be covered by a wire basket to prevent them from putting stones, etc., into 
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it. If using cast iron soil pipe it shonld always be of the doable thickness, and 
shoald be tested for tightness by plugging the outlets and branches and filling with 
water to the top before applying any fixtures to it. A better class of pipe for public 
buildings is now made of wrought iron with screw joints, and coated with the 
Bower-Barflf process to prevent rusting, by the Durham House Drainage Company, of 
Boston. 

The water-closets and urinals for the school children should be located in a one-story 
wing or projection from the basement story of the building, in order to provide the 
necessary amount of light and air to insure clenuliuesa. The best pavement is that 
of Portland cement mortar, which need not be over half an inch in thicknesH, if 
spread upon a substratum of concrete 3 or 4 inches thick, composed of American 
hydraulic cement and gravel, as usually prepar»'d for cellars. The Portland cement 
may be mixed with three times its bulk of sand, but the latter should be either the 
best beach sand or well washed to remove dust and clay if from pits or natural de- 
posits. This item of washing the sand will often make all the difference between a 
durable surface, good for twenty years' service, and a crumbling one, never sativ 
factory from the first. This skimming of Portland cement mortar should be applied 
while the foundation is damp, and should be kept damp by sprinkling and exclusion 
of air drafts for a week after application. Kapid drying b^' a free circulation of air 
renders it soft and crumbling, while, if kept wet, it will be as hard as stone iu a few 
weeks. 

For water-closets in primary schools the best trough sinks, if properly attended, 
are probably the safest foriu of apparatus. The simplest form of seat is the best, but 
these should be easily removable for cleansing. Boys' urinals should not be provided 
with crockery bowls, but are better if made of plain upright slate orsoapstoue, with 
a trough at the base of the same material, and a sprinkling tube from 3 to 3^ feet 
above the floor, so constructed as to wet the whole surface of the slate below the 
tube when the water is let on. For children over 12 years of age separate water 
closets maybe desired, but I consider the trough a better piece of apparatus for all 
classes, if carefully looked after by the attendants. If separate closets are ever u.sed 
I should avoid all Iron as a material iu their construction, and use short crockery 
hoppers with lead traps above tne floor. The supply of water should be drawn in 
this case by a l^-inch pipe and 2-iuch valve for each closet, from a tank directly 
above, which can extend the whole length of the range of closets and be fed by an 
automatic ball cock. Children can never be depended upon to discharge the separate 
closets, and this has led ta various mechanical devices for automatic flushing by 
wires or chains attached to the doors or seats. In theory these are very good things, 
but I have never yet seen such devices that could be depended on for many weeks at 
a time. When they fail they at once create a wretched nuisance, as is now to be 
seen in some of your schools described below. It is for these reasons that I recom- 
mend the trough system for all classes, with thorough and systematic attendance, 
which is the only way to secure proper flushing in public schools that I have yet seeDj 
and can not be considered as an unreasonable tax upon the attendants. 

A system of hoods and air pipes, leading from the water closets and urinals to some 
aspirating flue for removing the effluvia, has been generally applied in such of yonr 
school buildings as I have seen, and with various success. In order to make this 
system of any real value the aspirating flue should be kept well heated at all seasons 
of the year by a special stove. I find such an arrangement in some of your buildings. 
When depending on steam pipes or furnace smoke flues to supply the necessary beat 
for the aspirating flues, the whole system is sure to fail when most needed, viz, m 
moderate or warm weather, when there is no wind to remove the effluvia through 
open windows and when putrefaction is most rapid and the health of pupils more 
likely to be injured, owing to the general climatic conditions at such seasons. Ordi- 
nary summer diarrhea is then often epidemic, and dysentery becomes contagious- 
The application of these hoods and air pipes leading to flues that are not heated ex- 
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cept in winter and even tbeu pnrhaps iasufficieutly, as I find in many of yoar build- 
ings, is, in my opinion, likely to produce more harm than good, for it leads to a sense 
of security where it does not exist in reality, and may thus take the place of a proper 
attention to the cleanliness of the floors and walls, troughs, etc., on the part of the 
attendants. 

The apparatus for the ventilation of the schoolrooms themselves next claims our 
attention. Since the heat supplied for comfort in winter is generally used in our 
climate as a motive power to secure a change of air in the rooms, the subject of venti- 
lation is inseparably connected with that of heating. This agent may be made suffi- 
cient and produce satisfactory results in buildings having but ten or twelve rooms 
or less, but larger ones may with advantage use fans or blowers to move the air 
by mechanical force. Since other reasons exist apparently for limiting the size of 
your school bnildings to those containing ten rooms or less, the application of 
such mechanical apparatus will not now be considered. The heat of the air l>e- 
comes a motive power by reason of the force of gravity. Hot air is lighter than cold 
air and floats by its own buoyancy, while the cooler air displaces the lighter by its 
superior weight. It is generally accepted by physiologists that fresh air should be 
supplied in schoolrooms when occupied at the rate of at least 40 cubic feet per minute 
for each occupant. Where a smaller allowance is provided, the pupil suffers a degree 
of loss of vigor, indicated by sleepiness and stupor and generally impaired vitality. 
The system of heating by stoves or by direct steam provides no means for introducing 
fresh air, and is therefore, not to be recommended except for halls or passages, or 
for supplementing in exposed places during severe weather the better system of heat- 
ing by indirect steam or furnaces. Furnaces serve a good purpose for small buildings, 
hut are not well adapted for larger ones, owing to the difficulty of distributing hot 
air horizontally, while steam can be supplied from a single fire and distributed for 
connderable distances. 

By the indirect system, so called, the steam is deployed in coils of pipe in the base- 
ment underneath the rooms to be heated. These coils are encased by sheet-iron cham- 
bers to which air should be conducted by close conduits from the northern and western 
sides of the building through holes in the basement wall. After being heated by the 
steam coils the air rises in other conduits to the rooms where heat is needed. As the 
steam is always as hot as 212° Fahrenheit, and hotter as the pressure is increased in 
the boiler, a room could be heated to the desired temperature, say 65°, by introducing 
a small quantity of air heated to 200*^, or better by a larger quantity at a lower 
temperature. The volume of air introduced is regulated by the size of the ducts, and 
these should be so proportioned as to supply the air in quantity sufficient to meet 
the requirement above indicated according to the number of pupils to be provided 
for. 

The volume of air in motion should be the same, as nearly as may be, for all condi- 
tions of the weather, and the temperature regulated by the amount of steam admitted 
^to the coils and the temperature of the same, which varies with the boiler pressure, 
and is, therefore, within certain limits, under the control of the fireman. In order 
to avoid disagreeable drafts within the rooms it is found best to introduce the 
heated air at a poiut above the heads of the inmates, say 8 feet above the floor. Its 
buoyancy carries it directly to the ceiling, wherever the inlet may be, and it spreads 
around the ceiling and descends along the coldest sides of the room. In order to 
insure a complete circulation and the continual and successive displacement of all 
the air in the room, it is best to withdraw the vitiated air from near the floor and on 
the same side of the room at which the hot air enters. The ducts for removing it 
should be rather larger than those admitting the fresh warm air in order to avoid 
drafts near the point of exit, and the upward movement of spent air ift the ducts 
"y which it is withdrawn must be helped by artificial means. The method easiest 
of application for this result is to apply one or more steam pipes within this flue, into 
^hich hot steam is admitted, and by which the flue may be heated to a degree consid* 
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erably above the temperature of the room to add baoyaacy to the air as it escapes. 
It will readily be seen that if the openings for the withdrawal of the spent air are 
made near the ceiling the fresh air will escape by passing directly from the inlets to 
the outlets without the entire change of all the air of the room which we seek. Open- 
ings for outlets near the ceiling are therefore mischievous in cold weather. * « « 
They may be of use in summer weather, but are hardly worth providing at this season 
if the windows extend to a point near the ceiling, as they always shonld do, and if 
made to be opened from the top downward. 

Thermometers shonld be supplied in every schoolroom, and the person in charge 
of the fires should consult them frequeutly and be governed by .their indications. 

Sixty-five to sixty-eight degrees Fahrenheit is a proper temperature for school- 
rooms in winter. Particular pains should be taken, in proportioning the size of the 
air ducts, to accomplish the desired movement of air without creating drafts in the 
room. For this end the ducts shonld be made of sufficient size to do their work with- 
out a more rapid movement at the openings than 6 feet per second. Even a less rate 
is desirable. 

SECOND.— THB PROPER SANITARY CARE OF SCHOOLHOUSES. 

Although a good deal of attention has been directed to this subject and a marked 
improvement made within a few years, much remains to be done, in my opiniou, to 
attain a proper and reasonable standard of purity in all oar large cities. Cleanliness 
is not only of importance in its effect upon the health of the pupils, but as an agent 
for elevating and civilizing in its influence upon their character. Much more can be 
taught by example in this respect than by precept. Although the standard now 
generally maintained in your city, so far as I have opportunity to judge of it, maybe 
above that to which the pupils are accustomed in their own homes in many cases, it 
is still susceptible of great improvement within the limits of what I consider reason- 
able and proper. 

Modern appliances have broaght conveniences under the roofs of our buildings 
which former generations consigned to outbuildings, and this has been justified by 
the use of sewers aud a copious water supply, by means of which all filth can be at 
once removed from the premises. Such is the theory of the modern water-closet. In 
practice, however, it is not always remembered that all the filth shonld be actually 
put into the running water. Laxity of discipline exists to a very large extent in 
this respect in your schoolhouses, due probably to ignorance on the part of the jan- 
itors of the importance of a high standard of cleanliness, aggravated by a certain 
amount of inertia and a tendency to follow old ruts and in some cases also by de- 
fective apparatus, of which instances will be pointed out below. Possibly also the 
force at present employed is not sufficient for the purpose, but I am not in a position 
to jud^e of this as well as yourself. 

I have spoken above of the need of good light in and around all places of easement. 
Where a badly lighted cellar is used the janitor readily falls into careless habits. In • 
order to remedy this defect as far as possible at a small cost all the stone and brick 
walls of the basements should be whitewashed with lime as often as twice a year, 
and sometimes oftener, where necessary to keep the surfaces bright and pure. The 
wooden partitions should also be painted a light color, lemon or straw color is prefer- 
able, so that soiled places can be readily detected and cleaned and the greatest pos- 
sible amount of light reflected upon all dark corners. • * * 

Portland cement surfaces, as above described, are far preferable on account of the 
light color of the material. The concrete heretofore used was apparently made 
with poor^aterials and crumbles readily, becoming absorbent of filth and difficult to 
clean. There is but little use in trying to have such floors constructed by contract. 
The facilities for cheating in providing inferior materials and workmanship are too 
great to enable any reasonable amount of inspection to guaranty first-class work by 
contract from the class of men usually dealt with. Poor work in such places is a 
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waste of money. Such floors should be laid by day labor, using intelligent supervi' 
sion, which can be had probably in your case by applying for help from the depart- 
ment of sewers and the city engineer. 

All the floors about the water-closets, etc., should be washed by scrubbing brushes 
daily and rinsed several times daily in hot weather by using the hose, and all wood- 
work should be carefully washed daily with warm suds where coming in contact with 
the person or subject to spattering of any kind. In order to avoid too much damp- 
ness in the air while the pupils are about, these washings should be performed im- 
mediately after school hours, and the proper degree of heat maintained in cold 
weather to dry the surfaces as soon as possible. The use of carbolic soap is often 
necessary around urinals, especially when younger boys are accommodated. • * • 

The use of the ventilating apparatus is often a subject of great mystery to the 
teachers as well as the attendants. I found the outlet valves closed in some rooms, 
apparently from ignorance or inadvertence, and the air consequently very opipressive, 
while a good draft seemed to exist, able to improve the condition of things materially 
soon after opening them. I think the use of these fixtures should be explained to 
all teachers, and they should not be allowed to close them without good reason. If 
any local reason exists for their disuse, it probably arises from fault of construction 
which should be remedied. No amount of skill will give us ventilating apparatus 
that will be at all times successful automatically. If not looked after by persona 
who understand its uses and abuses, the desired object is seldom attained, except by 
accident. The flushing of schoolrooms with fresh air by opening windows during 
recess time and after each session is generally rendered necessary by the imperfection 
of other means of renewal of air, and it is perhaps better understood than the man- 
agement of any other apparatus. Unfortunately we have a good deal of weather in 
winter where this is inconvenient. It may be difficult and perhaps unreasonable to 
expect the enforcement of such a standard of cleanliness about water-closets in publio 
schools as I have in view while working through the class of men now generally em- 
ployed as janitors. But I think these men would do excellent work in most cases if 
clearly informed what is expected of them in detail and if supplied with the neces- 
sary assistance to do the actual labor required. This last can not be a severe tax 
upon the treasury and will be appreciated by the pupils in after life as much, I think, 
as any part of their instruction received at school. I mean the example of purity 
which should be constantly before them in these places. The desired result can never 
he attained till the janitors are not only carefully instructed in detailj but industriously 
followed vp with military precision and fear of dismissal in case of neglect of duty. 
Some one must do this duty of inspection who has a real interest in the subject and 
who will take an honest pride in the result gained, but one person can cover a large 
Dumber of schools, if inspecting them without notice and if vigilant in his discipline. 
I'he janitor's employment should be under his control, to make his work efficient. 
710— No. 3 i 



III.-LIGHTING. 



HOW TO SECURE PBOPER LiaHTING. 

The proper lighting of a schoolroom is of scarcely less importaDce 
than its heating and ventilation and its drainage ; for statistics show 
that diseases of the eye are on the increase among school children, in 
consequence of poor light. 

In Dr. Buk's Treatise on Hygiene, we are assured that short-sightedness, dim- 
ness and darkness of sight are increasing generally in Germany, Russia, America, and 
England [among children attending school], and we are assured at the same time that 
the defective eyesight is much greater where schoolrooms are poorly planned regard- 
ing their window arrangements. 

In raral schoolhouses the best authorities seem to agree that the best 
location for securing light and air is to place the longer axis of the 
house due east and west, and to light by windows in the north and 
the south sides only. The objections to the east and the west expos- 
ure, for light, are that the slanting rays of the sun, in the morning and 
in the afternoon, strike across the room. On the south, the sun's rays 
are always more nearly vertical as they enter the windows; while from 
the north these rays never in this latitude enter the room. 

Next to the north aspect, the steadiest light, as well as the greatest amount of 
sunshine, is derived from one due south, and while a south window receives the sun 
nearly all day the year round, the angle at which it enters is so great that the annoy- 
ance from it in hot weather is infinitely less than from the horizontal rays which 
stream through an east or west '\^ iudow [the latter at a low angle]. For this reason 
a south exposure is both cooler in summer and warmer in winter than an eastern or 
western one, and while it secures the largest possible aggregate of sunshine, a soutli 
window needs less shading with blinds or curtains than any other, except one facing 
north. 

For buildings with four or more rooms on a floor, it is better that the 
corners of the building stand towards the cardinal points of the com- 
pass. It is of course impossible in this case that all the rooms should 
have the best light ; but this arrangement permits the sunlight to enter 
every room each day of the year ; and this is desirable for the chem- 
ical effect of the sunlight upon the air of the room. Eooms which the 
sunlight enters are more easily heated than those that have no direct 
rays of the sun. Tliey are also both pleasanter and healthier. 

It appears to be a well-established rule that the light should be ad- 
mitted on only one side of a schoolroom, and this side at the left of tbe 
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pupils. It may be admissible, bowever, to admit the light partly from 
behind the pupils and towards their left. It would not be a bad ar- 
raogement to have three-quarters of the length of the left wall, towards 
the rear, and one quarter of the back wall, towards the left, occupied 
by windows. The main objection to this rear light is that it is directly 
in the teacher's face, if the teacher sits facing the pupils j but white 
curtains rolled from the top will prevent a large part of the glare; and 
tbe teacher need not always sit facing this light. The windows should 
be as near together as safe construction will permit; there should be 
no wall spaces between them. The window space should be one-fourth, 
and in no case less than one-sixth of the floor space. The windows 
should extend to the ceiling of the room ; and no fancied architectural 
consideration should ever prevent this. The window sill should be at 
least 4 feet from the floor; and Kobson, the best English authority on 
the subject, says that the sills should never be less than 5 feet from 
the floor. The best light is from above ; and as this can not easily be 
had, the nearer we come to that the better. Light from below the pu- 
pil's eye, in a schoolroom, is injurious to the eye, and it obstructs 
rather than aids the vision. 

The seats forthest from the windows should not be distant more than 
one and a half the height of the top of the window. If, then, the room 
is 13 feet high, the farthest seat may be only 20 feet from the window. 
For the purposes of lighting, the width of a room should not exceed 25 
feet; and tbe length should be about one and a third times the width. 
For its acoustic properties this is a better form than the square, or a 
sbupe more nearly a square. 

The best light is, of course, that nearest the windows. The outer 
row of seats, then, should be placed as near the windows as they can be 
and allow room for an aisle wide enough for a single person to pass. 
On the side next to the windows the outer row may be placed against 
tbe wall, though this is not the best way, on account of the ventilation 
at the walls. There being no blackboards on this side there is no need 
of a broad aisle as there is on the back side of the room ; and here the 
importance of double windows is again apparent (see p. 34). Without 
these, the outer row of seats, having the best light, are most liable to 
drafts in winter. 

The blackboards may be placed at the back end of the room, on the 
side opposite the windows, and behind the teacher's platform. At this 
latter point several boards may be made to slide up and down, one in 
front of the other; or they may be so constructed as to bring into use 
both sides alternately. In this way exercises may be placed upon the 
boards and kept out of sight till ready for use. The height of the win- 
dows, already described — 4 or 5 feet from the floor and reaching to the 
ceiling — allows the light to strike these boards at such an angle that 
there is but little liability of that reflection from a much used and shiny 
blackboard which is so painful and injurious to the ejes. This disa- 
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greeable reflection is often caused by low windows, and windows on 
different sides of the room, which produces cross-lights as well as this 
reflection from the blackboards. 

Strong light is as likely to be injurious as too little light; and 
on certain days, and with the exposure of a part at least of the rooms 
of a large house, it is necessary to control the light entering by tbe 
windows. This should be accomplished by raising the shades from the 
bottom of the window. Dark holland shades,* rolling from the bottom 
and raised by a cord and a pulley at the top, are a better means of 
regulating the light than the ordinary blinds, either outside or inside. 
And if the sunlight is liable to strike the books or desks of the 'pupils, 
owing to the location of the room, then thin, white holland shades 
should also be provided, to roll from the top. The purpose of these is 
not to shut out the light, but to temper and moderate it. The reason 
for rolling the shades from the bottom is that 1 foot in height at the 
top of the window lights the room more than twice that space at the 
bottom ; and the best light is that nearest tbe ceiling. 

For the reflection of the light downward upon the desks, the ceiliug 
should always be white. The walls of the room may be tinted, to softeu 
the light; but the tints should not be too dark. 

But shades to the windows have these objections: In summer when 
it is often pleasant to open the windows, they will not allow the air to 
pass through; they get out of order easily; they become dingy, and 
need replacing frequently. Outside blinds can not be reached easily 
from the inside ; they do not shade the windows in theright way ; on a 
schoolhouse which is unoccupied three-fourths of the time, they are 
more apt to get out of order than on a private dwelling. Inside blinds, 
also, shade the windows at the sides rather than at the top and bottom ; 
or if made with an upper and a lower half moving independently, either 
one-half, or the whole window, if any, must be closed ; and a more serious 
objection to them is that, with a mass of windows close together, they 
are in the way, and they obstruct the light. 

The beat known arrangement for shading windows in schoolrooms is 
that illustrated in Figs. 21, 22, and 23. These sliding blinds may be 
raised so as to close any part of the window that may be desired; they 
allow the air to pass through in summer; they are not in the way, and 
ihey may all be lowered so as to leave open the whole window space. 
In simplicity of construction and operation they are admirably fitted 
for school use. They can easily be removed for cleaning, and they 
never need be swiveled. But with these blinds the thin white holland 
shades to roll from the top may be necessary in some of the rooms, for 
softening the light. 

*The best color is some light shade of lavender, or a mild tint of green. The tints 
of yellow are not good. 
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Fig. 21. — Th« Hill blin<l, with pocket at bottom of window f.»r a receptacle into which the blinds 
can be dropped our, of sisbt. "When the windows are constructed with slides extending to the floor 
jn front of panel back, the blinds chh lie dropped, leaving the window entirely exposed. If desired, 
the outside section can be made with panels, thus forming a neat, inexpeusivej and substantial front 
when b'lnds are down to the floor. 
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Fig. 22.— The Hill bimd in front of panel back at botiooi of wiudow, leaving the window entirely 
exposed. 
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Fio. 23.— This is a foil-sized representation of sliding grooves, showing the manner of adjusting 
them to window frame in place of the sash stop, and a reduced drawing of the friction spring as 
fastened to right-hand edge of blind. 



CAKE OF THE EYES. 



The following was prepared for the use of the teachers in Worcester, Mass., by Dr. 
Lewis Dixon, oculist, of Boston. The suggestions are worthy of a wider circulation ; 
and they are therefore inserted here : 

Myopitty 

Or near sight, is not often congenital but it is usually acquired. It is due to elonga- 
tion or bulging of the normal spherical eyeball from before, backward; this carries 
the retina away from the focus. Myopia is chiefly caused by near work, too long 
continued, and under wrong conditions, assisted often by hereditary tendencies. 
Near work causes and increases the myopia but does not usually cause pain or fatigue. 
Myopia is detected by, the inability to read letters of one-third inch^square at 20 feet 
distance, or fine type at 10 inches, through a 10-inch lens. To prevent or check the 
condition, advise the child to hold head and work up and hold the work well off; to 
rest frequently for a few minutes, by either closing the eyes or looking at a dis- 
tance ; also, to avoid unnecessary near work both at home and in school as much as 
possible. If the myopia is greater than one-thirty-sixth, glasses should be worn con- 
stantly. If myopia shows a tendency towards rapid increase, especially after illness, 
advise complete cessation from all near work for awhile. In testing for myopia, 
strive to make it as small in degree as possible, and doubt its presence in slight degrees 
till proved by repeated tests, for the eye often simulates myopia when tired. In hy- 
peroietropia the eyeball is congeiiitally too thort from before, backward, the retina 
being in front of the proper focus. This condj<fipn is a fixed one, getting neither 
l>etter nor worse, but it nectssiiates under every ordinary condition more than the 
proper amount of work on the part of the muscles of accommodation, and also neces- 
sitates constant (and therefore very fatiguing) instead of the normal intermittent work. 
Vision is perfectly ^ood under all tests; but it is so at the expense of cona/anf but 
unconscious effort. 
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The symptomB are fatigne in some form, following use of the eyes; not neces- 
sarily felt tit the eyes ; headache, pain over the eyes, blarring, nervoasness, and 
inability to continue school work throngh the term. In this condition, near work is 
too bnrdensome to be continued withont overtaxing the nervoas system. It is detected 
by the inability to read 20-foot letters at 20 ^set, even when assisted by a convex 36-inch 
lens; or by reading fine type throngh a 10-inch lens at a greater distance than 10 
inches. Advise sparing nse of the eyes on near work ; frequent rests and avoidance 
of studies requiring much fine close work; or the use of glasses which will enable 
the eyes to do fall work toithont fatigne. This condition is the usual cause of stra- 
bismus or crossed eyes. 

In testing for hypermetropia always endeavor to find it, and suspect it« presence till 
repeated tests show its absence, in all cases where the child has headache, tires easily, 
or complains of blurring. 

Astigmatism is the resnlt of a congenitally irregular (instead of spherical) cornea; 
all sight is fatiguing to such an eye, but close work particularly so. It is detected 
by the child's tendency to miscall letters and figures, by sqninting or holding the 
head sideways to see clearly, or by seeing some of a set of radiating lines blacker 
than others. Nothing can be done but spare the eyes from near work, unless glasses 
are made to order, to correct the errors. This condition is also the cause of headache, 
pain, nervousness, and ill health. 

Glasses for hypermetropia and myopia may be roughly but safely determined and 
advised for those unable to have a more accurate test made. This.is done by finding 
the difference between one-tenth and the fraction r^resented by 1 divided by the 
greatest possible number of inches at which the child can be made to read fine print 
through the 10 inch lens. 

For example, if he reads at 8 inches, and never farther off, we have 1-8—1-10=1-40. 
The denominator 40 shows the focal power of the glass needed, and the point of read- 
ing being nearer than the normal (10 inches) he is nearsighted, and needs concave 40 



If 15 inches is the distance that the child can read through the 10-inch lens, then 
1-10 — 1-15=1-30, and he needs a 30-inch glass to correct his error; convex^ because he 
reads farther off than the normal 10 inches. So if 6 inches is the point, 1-6—1-10=: 
1-15, and concave 15 is the glass needed.' If the point; is 20 inches, then 1-10—1-20= 
1-20, and convex 20 is the glass. Remember to make the concave glasses always 
as weak as you can and the convex glasses as stronig as you can. 

Warn children and parents that in myopia the tendency is towards increase of the 
trouble, and that care in regulating the amount of near work will do much to check 
the progress, and the wearing of glasses, if myopia is really present, will stop the 
progress. Advise against branches or courses of study involving much close work, 
unless pupil is willing to wear correcting glasses. 

Warn parents and children that in hypermetropia headaches, nervous symptoms of 
various kinds, and even ill health may result from this condition, even where no 
complaint is ever made of eyes or sight, and work and vision may be perfect. 

Moderation in close work will usually relieve the condition; the use of proper 
glasses /or close work will always relieve and enable the eyes to do full work without 
fatigue or other trouble. 

In astigmatism, warn them that headaches, nervous difficulties, and ill health may 
be caused entirely by this condition, which must remain permanent unless relieved hy 
the proper optical means. 



IV.-THE GROW^TH OF CHILDREN AS RE- 
LATED TO HEALTH AND ABILITY TO 
STUDY. 



Closely related to the sanitary conditions of schoolboiises, are vari- 
ous other conditions affecting the child while in school ; his health, the 
period of his rapid growth, the season of the year when this growth 
takes place, and the effect of this rapid growth upon his health and 
upon his consequent ability to do school work. 

Since, under our system of education, children are kept in school, 
especially in the cities and the larger towns, about three-fourths of the 
time between the ages of 5 and 15 years, five or six hours a day, the 
important questions arise whether intellectual culture is not sought at 
the expense of bodily vigor, and whether the curriculum of studies is 
so arranged as to secure the best results with the least outlay of the 
pupils' strength ; whether also the hardest study is assigned to that 
part of the year, and to that part of the course, when children are best 
able to accomplish it. 

If children are taken into school and kept at work in study, so that 
their vital energies are exhausted at a time when their bodies ought to 
be developing, and if, consequently, the seeds of disease are being 
planted at a time when the foundation of future health should be laid, 
then it is of the greatest importance that the evil should be corrected. 

In a new and sparsely settled country the springs are pure, and the 
question of drainage takes care of itself; the sewage is so small in 
quantity in comparison with the territory, that it is of little or no im- 
portance. In thickly settled communities the case is reversed; and 
the problem of the disposal of sewage, unimportant under the former 
conditions, becomes of serious import. There is a similar change of 
conditions in the problems relating to school life. When the number 
of months' schooling was small, and the child was occupied in other 
pursuits a large part of the year, health and growth were but little af- 
fected by the school. Since, at present, three-fourths of the child's 
time, in working hours, for the ten years of his life most important for 
health, growth, and bodily development, is spent in school, this ques- 
tion of health and growth becomes serious. And evidence js not want- 
ing that our school life is liable to affect the health of children injuri- 
ously. Says Prof. A. Key, of Stockholm, in the Popular Science 
Monthly for Nov., 1890 : 

More and more sharply is the question of the influence of the present school system 
on the growing youth debated in every enlightened country of Europe. More and 
more distinctly is it declared, especiaUy from the side of the doctors, that the school 
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imposes too great demands upon the yonng organism in the critical period of its I 
growth ; that it, as well as all our education, seeks too onesidedly to stimulate meDtal 
growth, and that the physical development is therehy so neglected that great danger 
arises, perhaps fatal for the whole life, to the body as well as to the closely related 
mental health. i 

And in this coantry attention has been directed to the subject in | 
many of the larger cities. In Boston, for example, a director of hygiene 
is employed by the school committee ; and physical training is a part 
of the regular school course. Other towns and cities are following the 
example. There is no need, however, of any panic on this subject. 
The race is not likely suddenly to become extinct, as an immediate 
consequence of the present school system. And yet it behooves us to 
examine carefully whither the present system tends, and to apply the 
remedy in time if a remedy is needed. And the first step is to ascertain 
the facts. To this end Professor Key, just quoted, has made investi- 
gation of 15,000 boys and 3,000 girls of the schools of Denmark, Sweden, 
Belgium, Italy, and perhaps of other countries, as one of the Royal 
Swedish commission for this purpose; he has published the results; 
and the article quoted above gives certain conclusions. Among the 
most striking of these deductions as applicable to this country are i 
these — 

I. That boys pass throngh three distinct periods of growth ; a^Qioderate increase in 
the seventh and eighth years ; a weaker growth from their ninth to their thirteenth 
years, and a much more rapid increase in height and weight from their fodrteeuth to 
their sixteenth years. * » » The development of girls also presents distinct 
periods, but the changes occnr a few years earlier than in boys. 

II. That children exhibit a relatively light growth from the end of November to 
the end of March. This period, which inclndes all the winter months, is followed 
by a second, from the end of March till Jnly or Angust, daring which the children 
grow rapidly in heightybnt their increase in weight is reduced to the minimum. After 
this follows a third period continuing to the end of November, in which the increase 
in height is very small and the gain in weight very large. 

III. That of fifteen thousand boys in middle-schools, more than one-third are 
ill or are afflicted with chronic maladies. Shortsightedness, which is demonstrably 
for the most part induced by the overtaxing of the eyes in school work, and well 
merits the name of school-sickness, rises rapidly in height of prevalence from cla» 
to class. Thirteen and a half per cent, of the boys sufifer from habitual headache, 
and nearly thirteen per cent, are pallid; and other diseases arise in the lower classes 
and then decline, to rise again in the upper classes. 

IV. That the remarkable rise of the sickness-curve [a line drawn through a table 
of squares whose vertical lines represent the age and whose horizontal lines show tbe 
percent, to represent the facts graphically] in the preparatory schools and the lower 
classes of the middle schools occurs exactly during the period from seven or eight 
years to thirteen years, the very one that has been shown to be one of weaker 
growth in boys. But as soon as the stronger growth sets in, and especially during 
the last years of that period, when the gain in weight is most rapid, the carve 

sinks from class to class, from year to year When the yearly increase in 

weight and height begins to diminish rapidly, the sickness curve again rises very 
fast. 

These investigations relate also to the time daily demanded by school 
for work and to the hoars devoted to sleep ; and 
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v. It was fonnd that the amount of illness of those who worked longer than tho 
average was 5.3 per cent, higher than that of those who worked less. * * * • 
The result was still more significant in the two lowest classes. The liability to illness 
there, in connection with the longer hours of work, was from 8.6 to 8.7 per cent, higher. 

If the above deductions are correct, and if they are applicable to 
this country, then we may conclude (1) that boys can do moat school 
work daily from March to November and least from November to March, 
and (2) that they should not be urged very rapidly from the years of 9 
to 13, and that they can safely work hardest from 14 to 16 inclusive. 

The age when girls can do their best work varies from that of the 
boys ; but Professor Key's investigations relating to girls are less ap- 
plicable to this country than those about boys ; first, because they re- 
late to comparatively few, and second, because the American school for 
girls is quite unlike the European school. It is more important, how- 
ever, that school work should be properly adjusted to the ability of 
girls than that it should be adapted to the boys, because girls, as a rule, 
are more faithful to school duties than boys are, and they are not so 
strong. 

in this country investigations similar to those of Professor Key, 
though less exhaustive, were made by Prof. H. P. Bowditch, M. D., of 
the Harvard Medical School, in 1875. They were authorized by the 
school committee of Boston, and they were made upon 13,691 boys and 
10,904 girls — a total of 24,595 pupils. They relate to the height and 
weight only of children of American and of foreign parentage of ages 
5 to 18 inclusive. These observations were made for only one year, and 
they belong to a single locality ; and, consequently, any deductions 
made from them are liable to more or less error. Their value would 
be greatly increased if they could be continued and if they could be 
extended and compared wit h similar statistics from other places. 

At Wellesley College the health officer or resident physician, it is 
understood, has secured valuable data relating to the effect of study in 
that institution upon the health of the young ladies. The late presi- 
dent of that institution, Mrs. Alice Freeman Palmer, is reported to have 
announced, as the result of her observations of the students through a 
series of years, that the health of students is not injured by study, and 
that their health improves under it. This is due no doubt to favorable 
conditions — a gymnasium, a resident physician, a well-considered curri- 
culam, health of diet and regular hours. If satisfactory results have 
been attained in tha t institution they are possible elsewhere. It is proba- 
ble, indeed, that equally good results have been secured in many other 
places with which I do not happen to be acquainted. 

MEASUREMENTS OF WORCESTER SCHOOL CHILDREN. 

In the line of Professor Key's investigations, examinations of some 
2,000 or 2,500 children in the public schools of Worcester, Mass., were 
^ade during the spring of 1891 by Dr. Franz Boas, of Clark University, 
The measurements were authorized by the school committee of this city. 
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as follows: Name; age; birthplace; nationality of father ; of mother; 
occupation of father ; residence ; number of brothers ; of sisters ; [first, 
second, &c.] born child; sight; hearing; memory; stature or height 
[shoes off] ; fingerreach ; height sitting ; length of head ; width of head; 
height of face; width efface; weight; color of hair; of eyes. 

The pupils were in the grammar and primary schools, of both sexes^ 
and of ages from 5 to 15 or 16 years. Each child removed his shoea 
while one of the examiners noted the name, the age, residence, birth- 
place, nationality, and occupation of parents, number of brothers ani^ 
sisters, &c. ; a second pupil then took his place and he passed to the sec- 
ond examiner who took, and recorded, his height, sitting and standing, 
his fingerreach (the distance between the ends of his middle fingers with 
arms extended horizontally), the dimensions of the head, the weight, 
&c. ; he then passed to a third examiner who tested his eyesight (by 
asking him to read letters of different sizes, at a certain distance), and 
noted the color of the eyes and the hair. The test of hearing was easily 
made by noting at what distance the pupil could readily hear the tick- 
ing of a watch. As soon as he returned to the schoolroom another pupil 
took his place. In this way the pupils left the room and returned one 
at a time without much interruption of school exercises ; and each pupil 
was absent from the room from five to seven minutes only. 

The principal labor of such an examination consists in tabulating 
the results from the printed blanks on which they are written, and 
averaging them. If these examinations can be continued for a series of 
years, so that the measurements of the same pupil year after year can 
be compared, then the period of greatest growth can be more accurately 
determined ; and the larger the number of pupils the more accurately 
will the averages determine this period. For the greatest usefulness, 
also, data are required concerning the health of children when in school, 
in order to determine whether there is more sickness among them dur- 
ing the period of slow growth thaa there is among European children; 
and for obtaining such data no means has yet been provided. 

The memory test is very simple and quite interesting. It was con- 
ducted by the teacher, with the whole class. All the pupils sat at their 
desks with paper and pencil before them ; and the teacher, havin/? first 
secured their attention, read a line of six figures; at a signal, a moment 
after, each child took his pencil and wrote the line; a second line of 
figures, and then a third was read by the teacher and written by the 
pupil in the same manner. After this, three lines of seven figures each 
were written by the pupils in the same way ; and then, three lines of 
eight figures each — of course the figures being varied each time. The 
teacher next read the figures in order, and the pupils (perhaps after ex- 
changing papers) marked all that were wrong. If this test is adapted 
to the capacity of the pupils, with not too many figures at a time for 
the younger children, it is very curious to note how much smaller will 
be the per cent, of errors in the morning, when the children are fresh, 
than near the close of the session, when they are weary. It is a test of 
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fatigue as well of memory and attention. This may throw light upon 
the order in which studies should follow each other during the day. 

It is too early for the results of the measurements of children in this 
city to be announced, but one or two results are already known. 

Of the children examined about 10 i)er cent, have defective eyesight. 
In some cases, probably a large number, neither the pupil nor his par- 
euts were aware of the defect ; and when undiscovered not only is the 
diflficulty liable to increase, but the pupil may appear stupid, lose cour- 
age, and fail to improve, when the real difficulty is that he can not see, 
while supposing that he sees as well as anybody. There are many 
wellanthenticated instances of this kind. The same is true of defective 
hearing. To relieve such unfortunate pui)ils is worthy of great effort 
by a teacher, and any investigation which brings such relief in any con- 
siderable number of instances, is well repaid. 

A second result thus far announced relates to the growth of the face, 
and it is said to be of considerable interest. [See Science, Vol. xviii, 
No. 439.] 

There seem to be three distinct periods [of this growtti in the female face], the 
first ending abont the seventh year, and the third beginning about the fifteenth year. 
A striking peculiarity is the seemingly abrupt transition from the types of one period 
to those of the succeeding. The suddeo disappearance of the lower widths of the 
face, aud the equally sudden appearance of the types of the succeeding period, e. g,y 
the sodden shooting up of the widths to almost adult dimensions at about the age of 
eight or nine, offset by the equally sudden disappearance of the distinctively child^ 
ish characteristics at the age of eleven. 

The significance of this observation may appear when it is remem- 
bered that the development of the face is known to correspond inti- 
mately with that of the brain. 

How much value educationally there may turn out to be in these 
particular Investigations I do not pretend to know. They are detailed 
here, imperfectly to be sure, in order to show that something has been 
done and is being done in the important direction of determining the 
eflfect of physical growth upon ability to do school work, and the effect of 
Bchool life upon the health of children, and in order if possible, also to 
Btimulate similar investigations among those who may read this circular. 
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CONCLUSION. 



In the followiug appendices from different soarces, statements may 
appear more or less at variance with another and with those in the 
body of this circular. It is proper, therefore, in conclusion for me to 
indicate what on the whole appears to me best. This I will do in the 
form of a general summary: 

I. 

(1) The basement of a schoolhouse should be at least from one-half 
to thi^ee-fifths of its height above ground, in order that it may be well 
lighted and airy. 

(2) The stairs leading into the building should be under cover iu all 
cases, to be free from ice and snow in winter. 

(3) The pavement in all basements and water-closets should be of 
Portland cement. (See Mr. Philbrick's report, page 46.) 

(4) In all houses of more than one story there should be at least two 
flights of stairs, at a distance from each other — ^the one for boys and the 
other for girls; and both flights should be accessible from every room in 
the house to avoid all possible danger from Are. In cities the stair 
cases should be fireproof. 

II. 

(5) The window-sills should be 4 feet high, and the windows should 
extend to the ceiling — no matter what the architect says. 

(6) The windows should be massed at the left of the pupils, and near 
the back corner; one or two at the back near the left corner, and the 
rest along the side. 

(7) The schoolroom should be narrow from left to right, the inner seat 
being distant from the windows not more than one-and-a- half times the 
height of the top of the window ; the broad aisle at the back of the 
room. 

(8) Light curtains to roll from the top should be placed in all win- 
dows exposed to the direct rays of the sun, and opaque shades to roll 
from the bottom, or best of all che sliding blinds, (See pp. 53-55.) 

(9) The teachei^s platform need not face the light, or if it does the 
teacher need not always sit facing the glare of a window. The light 
should accommodate the pupils ; the teacher can vary his position by 
facing his desk towards the right of (he pupils and sitting in the front 
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corner at their left. There is no law to compel a teacher ^o sit square 
in front of pupils and in the middle, of the front side of the room, bat 
there shoald be a regulation compelliug the accommodation of the light 
iO the pupils' eyes, since they are not at liberty to change their posi- 
tion at will as the teacher is. 

(10) The south light is better for a schoolroom than the east light 
ind the west light, which admit the slanting rays of the sun, or than the 
lorth light which does not admit the sun's rays at all. But for a draw- 
ng class the north light is best because the shadows are uniform at all 
lours of the day. 

III. 

(11) Air should be admitted to the schoolroom 8 feet above the floor, 
ind exhausted at a height not more than 1 foot, above the floor. 

(12) Fresh air should never be admitted to a schoolroom through 
anderground ducts. 

(13) Air for admission to a schoolroom should never be heated above 
lOOo F. ; and the quantity should never be less than 20 cubic feet per 
pupil per minute. 

(14) If a fan is used for ventilation, the '* plenum system" should be 
used, by which the fan forces the air inward, and not the exhaust, by 
which the air is sucked out of the room ; though in large buildings the 
two may be combined without injurious effects. 

(15) For comfort and economy, double windows should be placed in 
all schoolhouses in winter in cold climates. 
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Fig. 24.— Stove heati^.^. The lady is too warm, and has lowered the window from the top to 
remedy the difficulty. Children often sufFer by being in the stratum of cold air near the floor, while 
the heads of their mothers, or nurses, or teachers, are in a higher and hotter stratum. ThJs is the 
condition of school rooms heated by stoves or steam, coils. 
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Fig. 25.— The general remedy very bad. Register, closed to keep warm, and no other means pro- 
vided for the escape of air, the room soon becomes pressed full of not air, producing much headache, 
discomfort, and disease, and furnace heating is coudenmed. This is the present condition of most 
rooms in winter, where hot-air furnaces are used. 




FiQ. 26.— Partial improvement. This is better ; the register is open and relieves the room of cold 
tod bad air down to tnat point, but still leaves a stratum of cold, foul air at the floor, causing the f re- 
juent complaint of cold feet and hot heads. 
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Fia. 27.~Wanniiig by an open fire. Direct radiation (exclusively). Feet cold and head too hot. 




. Fio. 28.— The popular mistake. Owing to the common mistaken belief that the breath rises, open- 
ings are generally made at the top of the room, but as they let all the warm air out and leave the oc- 
cupied portions cold and foul, they are always closed in winter, and consequently such ventilation (?) 
nas wefl earned the reputation of humbug. 
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Fio. 29.— Direct ventilation. Correct when heating and ventilating by warm air. The above plan 
can be built into buildings already constructed, and successfully too, provided there is some one in 
charge who knows how to do it. [In my opinion still better results may be seciu^ by placing the 
fresh-air inlet just above the vault, and on the same side of the room.— A. P. M— .] 





Flo. 90.— Ruttan's correct system of warming and ventilating. By this plan the floors are warmed, 
ftHQ only one ventilating chimney is necessary. 




Fig. 31.— Perspective view. Showing air- warmers, cold-air room, and first and second story 
registers, which should be carried eight feet above the floor on each story. 
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Fio.34.— View showing the adaptation of the " Parsons ^^ trough sysUana in two or three pjerson 
Closets, for mills, factories, stores, tenements, etc., where it is desired to have them located on different 
floors. If preferred, the trough can be turned around, placing the outlet in the opposite direction. 
J°^ supply to the tanks can be so arranged that the water can oe turned on or off the whole system 
"y a valve located on the lower floor. In this plate the front of the trough is cut away, showing the 
J^ater level in each basin. Care should be taken that the seats are placed directly over the centers of 
the basins. 
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BASEMENT PLAN. 
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Fio. 42.— Basement plan of South Street school building, Toledo, Ohio, showing furnaces, cold-air 
rooms, foul-air rooms, system of dry closets, warm-air flues, ventilating and smoke flue. 
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FIRST FLOOR PLAN. 
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Fig. 43.~South Street school building, Toledo, Ohio; representing, bv breaks iu the floors, the passage 
of air under them; location of main au< register in school rooms ana corridors, and also location of 
foul air exits before it passes under floor. 




Fio. 44.— Plan of second floor, South Street school building, Toledo, Ohio. 




Fio. 45.— Basement plan of Segur Avenue school building, Toledo, Ohio. 




Fio. 46.— First floor plan of Segur Avenue school building, Toledo, Ohio. 




Fio. 47.— Second story plan of Segur Avenue school building, Toledo, Ohio. 
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Fig. 48. 
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Fig. 49. 
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Fio. 50.— Basement plan of Concord Square School, Somerville, Mass. 
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Fia. 51.— Concord Square school, SomerviUe, Mass. (First floor plan.) 




Fia. 52.— Concord Square school, SomerviUe, Mass. (Second floor plan.) 
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Fig. 53.— Quinsdgamond schoolhouse, Worcester, Mass. (Basement plan.) 
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Fig. M. Quinsigamond schoolhouse, Worcester, Mass. (First floor plan.) 
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Fio. 65. — Quinsigamond scboolhouse, Worcester, Mass. (Second floor plan.) 
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Fig. 57.— Quinsigamond schoolhouse, Worcester, Mass. (Sectional plan.) 
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Ficr. 58.— The Bryant school, Great Barrington, Mass. (Second floor plan.) 




Fig. ::9.— The Bryant school, Great Barrington, Mass. (First floor plan.) 
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Fig. 60.^The Bryant school, Great Barrington, Mass. (Basement floor plan.) 
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A. Hot air to first floor. 

B. Hot air to second floor. 
0. Foul air from school rooms. 
D. Foul air from cloak rooms. 
6. Foul air from water closets. 
H. Fresh air room with steam 

coils for warming the tUr. 
K. Foul air ducts. 
a. Fresh air ducts connecting 

with ventUating shaft V. 
8. Smoke flue. 



Fig. 81. — Salisbury Street schoolhouae, Worcester, Mass. (Basement plan.) 
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Fio. 82.— Salisbury Street schoolhouse, Worcester, Mass. 
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Fig. 63.— Floor plan of the model district school 
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Fio. 64.— Ground plan of the model district school. 
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Fio. 66.— Section of the model district school. 



The model district and ward school building. — Considerable sums are expended 
in arranging to warm and ventilate large school buildings, while the district school 
and ward buildings are always warmed with a common stove, and generally a 
fecond'hand one from some larger building, and no attention whatever is paid to the 
important question of ventilation. Holes are left in the foundation walls through 
which the air can pass to prevent decay of joists and sills. This, of course, renders 
the temperature of space under the floor same as temperature outside (anywhere 
from to 30° below), and the pupils sit all day with a board 1 inch in thickness 
between their feet and this sea of cold air, while their heads and bodies are in a 
temperature of from 40° to 90°, according to distance of seat from the stove, and 
this, too, in air which may have been breathed a dozen times. Who can wonder 
that they have cold feet, and are sometimes restless and unwilling to study, and 
that many are sick and unable to attend school more than one-half or two-thirds 
of the time? The plan (^ warming and ventilatinoc buildings of this class repre- 
sented above can not but commend itself to all who will for a moment consider the 
two conditions. An entire change of air in the building every 30 minutes, temper- 
ature the same in all parts of the room, warm instead of cold air under the floor, 
should certainly be worth all it costs. 
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Fio. 60.~yiew of air-warmer with front portion cut away, showing interior of fire box, grate, 
Unings, rear extenaion, etc. [The ah: circulates around the warmer, up the center of the rear exten- 
ikA, and around the three smolce flues.~A. P. M~.] 
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Fro. 70.— Sectional view of air-warmer, through steel flues, smoke pipe, fire box, ash pan, and patent 
grate. 
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APPENDIX I. 



A SYSTEM OF VENTILATION FOB SCH00LH0U8E8 HEATED BY STOVES 
AS APPROVED BY THE MASSACHUSETTS STATE INSPECTION DE- 
PARTMENT OF FACTORIES AND PUBLIC BUILDINGS, 

In the enforcement of chapter 149, acts of 1888, <*An act to cause proper sanitary 
provisions and proper ventilation in pnblic buildings and schoolhouses/' throughout 
the State, I find by the reports of the iDspectors that most of the schoolrooms out- 
side of our large cities are heated by stoves and that any special system requiring 
heated flues is not applicable. To arrive at some conclusion as to what system should 
be recommended for this class of schoolrooms has been the subject of careful con- 
sideration, and it has been found that the best means thus far devised for ventilating 
rooms heated by stoves, that approximates a good system of ventilation, is the 
"jacketed " stove. By the courtesy of the secretary of the State board of health I 
am enabled to give a description of the system adopted at the Red Rock street 
schoolhouse, Lynn, and to copy a portion of the report made by Dr. J. G. Pink- 
ham. 

USE OF JACKETED STOVES. 

It maybe taken for granted that it is impossible to supply schoolrooms with the 
large amount of fresh air required for proper ventilation and at the same time to keep 
up the temperature, unless provision is made for warming the air before or during its 
introduction. To accomplish this economically with the class of rooms under con- 
sideration, the jacketed stove, or some form of heater arranged on the same princi- 
ple, seems to be the only available device. 

RED ROCK STREET SCHOOLHOUSE, LYNN. 

This is a brick building of good construction and in a healthy locality. The ven- 
tilating apparatus was put into it during the summer of 1886, and the description 
which follows is from the report of the committee on sanitation for that year : 

** There are in each room two large stoves (Barstow's Puritan, No. 18), one on 
each side of the room, near the front. Each stove is incased in a galvanized-iron 
jacket about 6^ feet high with a spreading base. Air is admitted to the space be- 
tween the stove and its jacket by an air-box running through the side wall, the 
opening for each stove having a sectional area of 4i square feet, being large enough 
for the whole air supply of the room. In cool weather one stove in each room is 
used ; in cold weather both stoves. 

** There are two extraction flues, built in one stack, at the rear of the building, 
one with a sectional area of 5.2 square feet for the upper room and one with a sec- 
tional area of 4.1 square feet for the lower room. They are of brick, and in an inner 
corner of each is a fire-clay smoke pipe connecting with the stove pipes. These 
smoke pipes end at the level of the chimney top, and the whole is covered with an 
iron cap like an Emerson ventilator, but rectangular. For heating the flues one of 
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D. W. CnshiDg's Ring Cylinder stoves is set into tbe withf or partition between the 
fines, projecting into each. The flaes are enlarged opposite the stove to compensate 
for the obstruction of its bulk. As the cellar does not extend under the rear of the 
building the flues end at the floor level of the lower room. The openings from tho 
rooms into the extraction flues are made at this level from the lower room directly 
through the wall, and from the upper room by means of a 30-inch tin pipe running 
down beside the stack from the upper floor. The flue-heating stove is set about 3 
feet above the lower floor, and access to it is had through an iron door opening into 
the schoolroom. Most of the air withdrawn from the rooms goes through large 
openings close to the stack; the remainder (15 or 20 percent.) is drawn through 
ducts under the back platform, and thence into the extraction flues. The total area 
of outlet openings from each room is about equal to the sectional area of its extrac- 
tion flue. All outlet openings are covered with wire netting of about 1-inch mesh. 
Inlets on out-side of building are protected by boxing and fine netting.'' 

The illustrations which follow will make this description plain. All dimensions 
are given in the floor plan and sections. The capacity of the lower room is 10,700 
cubic feet, that of the upper 12,040 cubic feet, allowance being made for chimney, 
platforms, stoves, and jackets, but none for furniture or persons. The air space per 
scholar, using the average attendance during the winter terra of 1886 as the basis of 
calculation, is for the lower room 194 cubic feet, for the upper room 240 cubic feet. 
The actual air space enjoyed by each pupil in any school varies, of course, from time 
to time with the nnmber in attendance. The average age of the pupils in the lower 
room is? years 9 months; in tbe upper room, 9 years 6 months. The results at this 
schoolhouse have been most excellent. There was no difficulty in managing the 
apparatus after its working was fully understood. 

Visitors to tbe school note the apparent purity of the air and the teachers bear 
similar testimony. 

Measurements of the outflowing air have been made at various times. These show 
an average for the lower room of 108,510 cubic feet per hour, or about 2,100 cubic 
feet to each pupil; for the upper room 84,664 cubic feet, or about 1,900 cubic feet to 
each pupil. In making these estimates the cubic contents of the rooms were added 
to the outflow, and the average attendance of the pupils employed as a factor. 

It is probable that in mild weather these figures would be somewhat reduced. 
They might be considerably reduced and still leave quite a liberal supply for pupils 
of the ages specified if the commonly received views as to the amount required are 
correct. It is intended that the fire shall be kept burning in the fine-heating stove 
at all times except in warm weather. In this way the air supply may be kept up 
when the jacketed stoves are not in use. 

The air analyses have very uniformly shown good results. 
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NoTK.— If the Bridgeport experiments {see Appendix II) are correct, as is believed, 
a more complete change of air in this room would be secured by placing the stoves 
at the same end of the room as the chimney. The unsightly stovepipe would be 
avoided, and its dripping, its rusting, and its frequent removal would be saved. The 
beat from this long pipe would be lost to the room, of course, but it would be utilized 
in the ventilating flue, and thus save the extra fire in the chimney stove part of the 
time. With the ventilating chimney at the rear of the front platform, the stove in 
the flues could be fed from the lauding of the stairs, and additional windows could be 
paced in the rear wall. In this plan there should be more windows at the left of the 
pupils. Those at their right should generally have the blinds closed. — [A. P, M.] 
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Fio. 2.— Red Bock Street Schoolhoase. (Lower room ; front plan.) 
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THE HYGIENIC CONSTRUCTION OF THE BRIDGEPORT HIGH SCHOOL 

BUILDING, 

By Warren R. Briggs, Architect, Bridgeport, Conn.* 

In no department of public or private works is there sach vital necessity for a 
perfect system of hygiene as in the planning, construction, drainage, and ventilation 
of onr school bnildings. At no time in our lives are we so susceptible to disease as 
in onr school days. The rapid growth of the child, the mental strain that our 
forcing system of education requires, and the bad sanitary condition of many homes, 
all tend to weaken the constitution at this period, and render it. particularly liable 
to the contraction of disease. The necessity of abating, as far as possible, and ulti- 
mately exterminating, what is known as preventable disease, has b^ome of para- 
mount importance. The alarming spread of malarial diseases and malignant epi- 
demics among children in various paru of the country I attribute, in the majority 
of cases, to criminal carelessness in sanitary matters. Miserable construction, poor 
sewerage, bad plumbing, and no system of ventilation, combine to produce among 
the poor classes hotbeds for the nursing of the germs of pestilential disease that are 
then conveyed by the children to onr sohoolhouses. Much has been accomplished 
by onr State and local boards of health to remedy this evil, but there still remains a 
vast amount of work to be done. Stringent legislation is needed in all matters per- 
taining to building, and proper officers appointed by the Governor to enforce the 
laws ftre required in all the larger cities of our State. When this is done we may hope 
to see the erection of the miserable shams, that greedy speculators and unscrupulous 
landlords now burden us with, stopped. So long as they enjoy the license at present 
allowed them, we can hope for no improvement. 

The schoolhonse, where the child bpends from four to six hours each day, demands 
our direct attention. The majority of the pupils in our public schools come from the 
poorer classes, and are, as a rule, none too cleanly in their personal habits. Coming 
from homes which have none of the luxuries and barely the necessities of life, they 
are in no condition to be subjected to either excessive heat or extreme cold. Foul 
air and poor ventilation they have in plenty at their homes, and we should endeavor 
in the schoolroom to supply them with pure air, uniform temperature, plenty of 
annlight, cheerfulness, refinement, and comfort ; our buildings should be so planned 
as to combine all these requirements. 

Dr. Lincoln, in his admirable paper recently published in Buck's Hygiene, has 
plainly told ns what a school building should be, and the writer has endeavored, as 
far as lay in his power, to produce a building that shall be a model of its kind. He 
has not only labored long and faithfully himself, but has consulted the leading 
experts of the country in regard to the heating, ventilation, and general sanitary 
arrangements of the building, and has always received from them their hearty 
approval, coupled with the remark : '' We have frequently called the attention of 
the public in our articles to what a building should be, and we are glad to see at last 
a building planned in accordance with our views." 

* Beprlated by courtesy of the author aad the State Board of Health. 
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In all the writer's efforts be has been most ably seconded by the board of edncation 
of this city, and more especially by the members of the board who comprise the build- 
ing committee. They are, to' a man, whole-soaled, enlightened, Christian gentle- 
men, who have the welfare of the public in view, and although they have been 
severely oriticised and wrongfully assailed, they have unflinchingly put their 
shoulders to the wheel, and worked with a zeal that can not be too highly com- 
mended to secure for the city a building that can be pointed to with pride when 
finished. 

The site of the new building is admirable. Situated almost in the geographical cen- 
ter of the city, in one of its best localities, far removed from all noise, dust, or odors 
arising from factories, stables, or the like, being completely isolated on all sides, hav- 
ing no large buildings or trees to shadow it, and standing within a few feet of the 
highest ground within the city limits, it presents natural advantages that have never 
been surpassed, and seldom equaled. The lot has an actual elevation of 61 feet 
above the average high water in the harbor. It has a frontage on two streets of 200 
feet, and an average depth of 256 feet, the lot running from street to street. Not only 
are great advantages obtained by this frontage in ease of access to the building, but 
thus are secured unexceptional facilities for the disposal of sewage, there being a 
12-inch main running down the hill in the center of both streets. In these streets the 
fall is very rapid, between 4 and 6 feet in every hundred. 

The principal front (there is no rear) of the building faces Congress street, which, 
running nearly east and west, gives it a southwesterly exposure. This arrangement 
secures in every room in the building, during a portion of the day, sunlight in abun- 
dant quantities. 

The building is designed to be constructed of brick, with local stone foundations 
and underpinnings, brownstone caps, sills and trimmings, exterior steps to be of 
granite, and roofs of slate. It will consist of three stories, viz, the ground floor, first 
story and second story. It contains a total of fourteen school and recitation rooms, 
a chemical laboratory, reception room, office, library, janitor's room, work and boiler 
room, besides the water-closets. 

The height of all rooms in the building, with the exception of the high school 
room, is 13 feet, the high school r> om having a height of 28 feet in the center, and 
21 feet on the sides. 

The writer does not consider it necessary to go into a detailed explanation of each 
floor plan, but will simply call attention to some of the novel features and general 
construction of the building. The plans themselves illustrate sufficiently the general 
position and arrangement of rooms and halls. 

The ground floor is located two steps, or about fifteen inches, below the grade of 
the lot. This, under ordinary circumstances, would be considered an objection, on 
the plea of dampness, but the floor and side walls have been so carefully prepared 
that the rooms situated on this floor are expected to be the driest in the building. 

In the first place, the ground itself is unusually free from dampness. Ample provis- 
ion has, however, been made for the removal of all surface water by the introdaction 
of 6-inch drain pipes, laid with open joints in trenches filled with loose stone, the 
stones covering the top of the pipe a few inches. These pipes run all around the 
building, just outside of the foundation wall, and are then carried to the manholes, 
where they are connected with the main sewer above the running trap. 

The ground under the floor of the schoolrooms situated on the ground floor is first 
cemented 2^ inches with the best Rosendale cement, and then covered with two coats 
of asphaltum. This asphalt is put on hot, and not only covers the entire bottom, but 
runs up on all outside and inside walls to the height of the copings, and is then car- 
ried across the top of all interior and exterior walls, forming an impenetrable protec- 
tion against dampness. Not only are the ground floor and the walls to the height of 
the coping treated in this manner, but all outside walls in the building, — ^they are all 
coated to their full height and width with two coats before they are furred. This I 
believe to be a more perfect safeguard against dampness than the hollow wall. 
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STAIRCASES. 

The staircases coDslst of four flights; two at either end of the bailding. While 
being convenient and easy of access from all parts of the bailding, they are yet suffi- 
ciently isolated to be free from the usual objection of noise, and are moreover abso- 
lutely fireproof. They are constructed with iron treads and risers securely fastened 
to stringpieces, also of iron, that are bolted directly to the brick inclosing-walls. The 
top surfaces of all treads are to be covered with rubber, to prevent slipping. All 
platforms and landings are to be formed of granite slabs 8 inches thick. The stairs 
are formed with two **run8" for each flight, with landings midway, this being done 
to secnre an easy ascent. The stairs are all 5 feet wide; all landings, 5 by 11 feet; 
risers, 7^ inches; treads, 11 inches; they are well lighted at all points by ample win- 
dows placed on each landing. An iron hand rail, bolted to the walls, runs around on 
all sides at a suitable height. There is no wood finish of any kind, with the excep- 
tion of door and window casings, in the staircase halls. The side walls are all of face 
brick laid in black mortar with struck joints. These walls, when hard, are to be 
treated with a ooat.of liquid filler, and then varnished in two coats, thus forming a 
perfectly hard surface not easily marred or soiled. 

HAT AND CLOAK ROOMS. 

In all onr school buildings of the present day, the hat and cloak rooms have been 
more or less objectionable, especially in wet weather. Children coming in with wet 
garments hang them in narrow rooms, poorly heated and lighted, and usually un ven- 
tilated, where they are allowed to steam in a close and unwholesome atmosphere 
daring the session, and at its close are put on by the child in a worse condition than 
when taken off. An attempt has been made to remedy this evil in the construction 
of this building. In the main halls, which are spacious, and which are to be heated 
and ventilated in the same manner as the schoolrooms, have been placed the hat 
and cloak rooms — two for each schoolroom. These rooms instead of being lathed 
and plastered in the usual manner are simply partitions of ash 8 feet high, entirely 
open at the top, and so arranged that only the supporting-posts run down to the 
floor. The portion of the partition between the posts is kept 4 inches from the floor, 
giving a free circulation of air throughout the rooms. Damp or uncleanly clothing 
hung in these rooms during the session instead of being filled with foulness arising 
nrom the confined atmosphere will become purified by the constant circulation of 
|mre air, the impure air being disposed of through the main hall ventilators. 

LIGHT. 

All eminent writers on school hygiene have called attention and dwelt with much 
stress upon the importance of abundant light properly distributed in our school 
rooms. That the light should come from the left side and be introduced at nearly 
right angles to the floor-line is an established rule among those versed in school mat- 
ters. Upon the actual amount of glass required by each pupil authorities differ. 
Dr. Lincoln states that the size of the windows, taken collectively, should equal at 
least one-sixth of the floor space. Cohn, the German writer, requires one-fifth, or 30 
inches to the foot. Some of the highest authorities require from 300 to 350 square 
inches of glass for each pupil. This coincides very nearly with Cohn, but Dr. Lin- 
coln does not consider that in our schoolrooms that have a greater depth than those 
referred to by the above-mentioned authorities, the amount mentioned by them is 
enough. 

In the Bridgeport schoolhouse the window- stools have all been kept 4 feet from 
the floor, and the window openings are carried up to within 1 foot of the ceilings. 
The size of the windows, taken collectively, equals, in the comer rooms, one-sixth 
of the floor-space, allowing 50 pupils per room, and provides 434 square inches of 
glass per pupil. In the middle rooms the floor-space is seven times that of the glass 
surface, and allowing 50 pupils per room will give to each 403 square inches of glass. 
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Fig. 1.— Bridgeport High School building. (.Ground plan.) 
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Fig. 2.— Bridgeport High School building. (FirstHStory plan.) 
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FiQ. 3.— Bridgeport High School building. (Second -story plan.; 
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In the corner rooms the seats are so arranged that the light comes always from the 
back and left; in the middle rooms it comes only from the left. 

In the High School room the glass surfaces, taken collectively, eqnal one-sixth the 
floor-space: allowing 200 pnpils for this room will give to each pnpil 384 square 
inches of glass surface. 

FLOOR, AND CUBIC FEET OF SPACE ALLOWED EACH PUPIL. 

In the comer rooms, allowing 50 pnpils per room, each pnpil will have 20.50 
square feet of floor-space and 266 cubic feet of air. In the middle rooms each pupil 
will have 21 square feet of floor-space and 273 cubic feet of air. In the High School, 
allowing 200 pupils, each pnpil will have 17 square feet of space and 441 cubic feet 
of air. While the floor- space in the High school room is somewhat smaller than the 
highest authorities require, the cubic contents are largely in excess of the most ex- 
acting, and it most be taken into consideration that this room is seldom occupied 
by the entire number of pupils for more than a few moments at a time, as the recita- 
tion rooms used in connection with it are, during the school session, in constant use.' 
It should also be remembered that the number of pupils calculated for each room is 
their extreme capacity. It is to be hoped that no teacher will be burdened with 
more than 44 pnpils, although I have based my estimations on a larger number. 

THE WATER-CLOSETS AND THEIR CONSTRUCTION. 

The demands of modern civilization require that we provide, either within our 
school buildings or in close proximity to them, water-closets for the nseof the pnpils. 
There can be no doubt bat that much harm is done to children, in many schools in our 
State, from the bad sewerage and careless arrangement of water-closets. It has 
been said that privies placed under the same roof which shelters the school should 
not exist for a moment. I do not consider that this rule should be simply applied to 
privies, but that the groups of water-closets that are required in all our large schools 
should come under the same head ; they should in no case be placed directly under 
schoolrooms in the basement, as contamination will surely follow sooner or later. 
They should be, if not wholly, at least partially isolated from the building, and 
those for the boys removed as far as possible from those of the girls. The teachers' 
water closets can, I thiuk, with safety be placed in the building, that is, if they are 
carefully ventilated; thes3 water-closets will be used understandiugly aud are not 
liable to become unwholesome, but the pupils' closets, even with the most careful 
watching, are liable to become foul from the habit so prevalent among children ( I 
wish I could say that the habit was confined to children alone) of making the closet 
a common receptacle for all kinds of garbage. 

In the Bridgeport schoolhouse the closets for the pupils have been placed at either 
end of the building, under the entrance steps, far removed from each other, securing 
a complete isolation of the sexes. They are also completely shut off from the main 
school building by the interveuing staircase halls ; by this arrangement, ease of ac- 
cess is obtained, combined with complete isolation, obviating the danger of contam- 
inating the main school building. 

The water-closets have been constructed with a view to having as little woodwork 
as is possible with the requirements of comfort. The main floor is to be of bluestone 
flagging 4 inches thick, laid in Portland cement ; this is laid on a gentle incline to a 
certain point, to secure a good dip or wash from all points of the room. The side 
walls are of brick, treated in the same manner as has been before mentioned in the 
description of the entrance halls. The ceilings will be formed by the bottom of the 
granite slabs that are used for the floors of the vestibule, porch, and outer halls. The 
casings, doors, and seats for the closets comprise the entire woodwork; these are of 
ash and are treated to a coat of filler and then varnished in two coats. The parti- 
tion between the hoppers is to be of slate 1^ inches thick, 7 feet high by 2 feet 6 
inches broad. These slate partitions are held in position by iron floor and wall pieces 
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and caps of the same material (see accompanying drawings). The floor npon which 
the hoppers stand is raised one step above the main floor of the closet (see drawing), 
and is also composed of blnestone flagging 4 inches thick, a hole being cat through 
this stone for the outlet of the hopper. The closet that is intended to be used is the 
Hellyer Short Artizan Hopper. This closet combines more good points, in the writer's 
opinion, than any at present known to him. Its chief point of excellence is its sim- 
plicity of working, and the fact that it is entirely of earthenware. There are no pans, 
valTcs, or plungers to become foul or get out of order ; it is, in fact, an earthen hop- 
per of improved shape, fed by a continuous tank to which is attached for each bowl 
a serving box. When the seat is occupied, by a simple device a valve is raised, and 
the serving box filled with water from the tank, at the same time a small stream is 
permitted to trickle into the hopper, wetting the sides and preventing the adhesion 
of excretion to the bowl. When the seat is relieved of its weight, the valve before 
lefeired to is closed, another one opened, and the contents of the sei ving box (some 




Pig. 4. — Method of laying brick around stoves in water-closets 




Fio. 5.— Elevation of a portion of the closets. 
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Fig. 6.— Section throagh water-closet. 

3 gallons) suddenly discharged throagh a large pipe connected with the flashing rim 
into the bowl of the hopper, ciarrying all solid matter throagh the trap. As I have 
said before, these hoppers, both bowl and trap, are of white earthenware; they are 
to be securely bolted to the bluestone and left entirely open and exposed to view. 
The seat is supported by the slate partitions, on which are bolted slate cleats. The 
chain operating the service box and feed pipe are both inclosed in an iron pipe, so as 
to be completely inaccessible to the pupils. 

The tank and service boxes are of iron, painted. Directly under the platform on 
which the hoppers stand, there is to be constructed a manhole trench, to be built of 
brick, coated with asphalt ; the top is formed of the bluestone that the hoppers rest 
upon. This manhole is 2 feet broad by 3 feet 6 inches high, and is large enough to 
permit a man to crawl through it to inspect the pipes. This trench is to have an 
iron register at one end for the admission of pure air, and at the other it is connected 
directly with the ventilating shaft. In this trench are to run the soil pipes from 
the hoppers; these are to consist of 6-inch cast-iron pipes with a4-inck y-joint for 
each hopper. These pipes are calked with molten lead and then covered with two 
coats of asphaltum to prevent rust. By the arrangement of this trench the soil pipe 
and its connections are always accessible ; even should a leak occur in any of its joints 
that was nut at once discovered, the stench arising from such a cause would not enter 
the building but pass off through the ventilating flue. The urinals are placed along 
the inside division walls ; they are to be constructed with slate backs and troughs 
put together in the most approved manner, the trough being supported by brass 
brackets ; the back is arranged with a neat cap of slate, under which is run a water 
pipe perforated with small holes so as to secure the complete wetting of the en- 
tire back at all times. Underneath this trough, in the floor, there is another trough, 
the bottom and one side being of bluestone and the other formed by the slate back ; 
this trough has an inclined surface and is intended to carry off all drippings or slop- 
pings that may occur in or about the closets or urinals. At its outlet it is trapped 
with a deep running trap and then connected with the main drain. This arrange- 
ment will enable the janitor, at the close of each day's session, thoroughly to wash 
down with a hose the entire room. 

Upon the inside walls of the rooms that are occupied by the closets have been 
710— No. 3 6 
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placed Tentilating flaes, two for each of the closets. These flaes are of large size, 
and ran up through the building, entirely independent of all other flnes, to a point 
far above the main cornice line. Through these flues the extension of the soil 
pipes of each section of hoppers is carried, and there is also connected with the flues 
a vent pipe, running under the seats just above the trap of each hopper. Lastly, the 
trench in which the soil pipe runs is also connected. The lower portions of the flues, 
that is, those parts of them that come directly into the rooms occupied by the water- 
closets, are enlarged into a circular form (see plans), this being done to permit of the 
introduction of a small stove in the bottom of each flue, and this stove is to be kept 
running always, both winter and summer, as the writer believes that this is the only 
way to secure a steady up-current at all times under the varying conditions of the at- 
mosphere. The brick work around the stoves is laid in open work (see sketch), and 
on the inside covered with wire netting. There is also an iron door provided for 
each flue. By this arrangement many points are gained ; not only are the hoppers 
and soil pipes perfectly ventilated, but any stench arising in the rooms is qaickly re- 
moved by the strong up-current through the flues. Again, in the winter, the stoves, 
two in each room, will be ample for heating purposes, while in summer, by a simple 
device, the direct radiation is shnt off from the room and thrown entirely up th'e flae. 

The teachers' water-closets, situated two on each floor, are to be of the same pat- 
tern as those described, fitted up in the same manner as the ordinary house closets, 
but with special reference to their construction and ventilation. 

Note. — The soil pipes for the teachers' closets in the main building are laid in a 
trench in the same maner as described above ; the main drain runs into a manhole 
Just outside of the building, where the three lines of soil pipes (one from each section 
of hoppers, and one from the teachers' closets) arebrought together just above a deep 
running trap. This manhole is covered with a bluestone flag, is carefully ventilated, 
and easy of access. There is also connected, just above the trap in this manhole, the 
rainwater drains connected with the leaders from roof, so as to secure during every 
rain a thorough scouring out of all the drains and their connections. The reader, by 
studying the accompanying plans and sketches, will be enabled readily to under- 
stand the general arrangement and working of this system. 

HBAT AND VENTILATION. 

It is generally admitted, on all sides, that the most practical, economical, and surest 
way of heating our buildings, at the present day, is steam. Granting that steam 
is to be our medium, it next becomes a question of how it shall be used. There are, 
at this writing, two methods in general use, these being known respectively as the 
direct and indirect systems. The direct system means the placing of radiators or cir- 
culation pipes in each and every room required to be heated. The indirect system 
consists in placing all the pipes or radiators in boxes in the basement. Pure, cold 
air is brought into these boxes, and by passing through the coils of heated steam 
pipes is warmed to the degree required. The heat generated in the boxes is then con- 
veyed to the various rooms through tubes or pipes, in the same way that heat is usu- 
ally conducted from our hot-air furnaces. Both systems have many strong advo- 
cates, but as far as the writer's investigations and researches have led him, he has 
found, among men that have simply the heating of a room in view, the direct system 
in favor ; but among those who desire not only the actual heating, but the supplying 
of the room with fresh, pure air at all times, the indirect system is in variably adopted. 
From the personal investigations and practical experiments the writer has made from 
time to time, he is convinced that far better results can be obtained by the indirect 
method than by any now known to him. It has therefore been adopted in the new build- 
ing for this city. It may be said in objection to this system that the amount of fuel 
required to heat a given amount of space is largely in excess of that required by the 
direct plan ; this is in a measure true, but not to the extent supposed. Again, it has 
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been sftid that it is impossible to beat exposed rooms by the indirect plan, without an 
enormous apparatus. This also is a mistake, for neither an extravagant nse of fuel 
nor a gigantic apparatus is required, if the apparatus is properly arranged and nnder- 
standingly handled. The trouble has not been from the inability to produce heat, 
but from the extraordinary loss of heat, this being occasioned in many cases by the 
position of the introductory flues, and in other cases by that of the outgoing ven- 
tilating ducts. It should be our aim to utilize every particle of heat entering the room 
before we allow it to escape ; it is certainly folly to bring in vast quantities of pure, 
warmed air at the floor level of a room and send it out with equal rapidity at the 
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ceiling level, without having traversed the room, outside of an almost direct line 
drawn from the incoming to the outgoing register; yet in many cases our registers 
are so arranged that it is impossible to get any different results. 

I have before said that there is a general unanimity of opinion among experts as to 
the feasibility of indirect heating, but in regard to the placing of the heating surfaces 
in the cellar and the position of the incoming and outgoing registers there is a wide 
diversity of opinion. 

I shall endeavor briefly to describe some of the principal methods in common use, 
and the objections that I have to them, before describing the system adopted in the 
Bridgeport school building. 
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First; the placing of the coil boxes in the basement, on the onter walls under the 
rooms to be heated (Fig. 8), and the introduction of the warmed air at the floor and 
its removal at the ceiling level upon the opposite side of the room. 

The objections that I have to this system are : 

1. That in a building like the Bridgeport school there would have to be placed in 
the baaement at least six separate coil- boxes for the generation of heat, arranged 
one under each room ; that by placing these boxes in the basement rooms the rooms 
are rendered entirely unfit for school purposes, and their utility for playroom is greatly 
crippled. 

2. That by placing these boxes far away from the center of the building, where 
the boilers are presumably located, a large amount of additional piping becomes 
necessary throughout the basement. 

3. The boxes being placed on the outer walls of the building, there is danger of the 
pipes freezing ; constant watching and attention is required to prevent this and to 
insure their proper working. 

4. That the introduction ducts or flues running up the outer exposetl walls of the 
building lose a great deal of heat by their proximity to the cold ; that this loss of 
heat cannot be wholly obviated even by the most expensive construction ; that a 
large addition to the actually necessary heating surface is required to overcome this 
loss of heat, caused by the exposed position of the flues. 

Lastly, that the air entering upon the outer wall at the floor, and being removed 
on the inner wall at the ceiling-level, does not benefit the occupants of the room as 
it should. The action of the air as it enters is rapidly upward to the ceiling, where 
it stratifies, then along its surface to the outlet, as indicated in Fig. 8. The enter- 
ing air is warm and light, and naturally rises and flows across the top of the room to 
the nearest outlet. The foul air of the room, being heavy with impurities, remains 
at the bottom, becoming constantly more contaminated. There is no doubt a certain 
amount of radiation or mixing going on, but the great bulk of the pure warmed air 



Fig. «. 



entering the room takes the short cut across it and up the ventilating duct, as shown 
in Fig. 8. This action of the warm air occasions, as may be readily seen, an enor- 
mous loss of heat without accomplishing the very results aimed at, the utilization of 
every particle of heat before it is allowed to escape, and the thorough mixing of the 
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pure incoming air with the air already in the room. If any one donbts the correct- 
ness of the action of air as herein described, let him fill the incoming flue with smoke 
that can be readily seen, and watch its coarse as it enters, flows upward and out- 
ward, and see where the great mass of it goes. The dotted lines on these sketches 
indicate the breathing point of a person sitting. 




Fig. 9. 



It may be well to explain that in the experiments that I have made the ontlets 
have been at least twice as large as the inlets, and that there has always been heat 
in the outgoing flues to produce a strong up-current, as I believe this to be the only 




Fig. 10. 



snre way to produce a constant outward flow of air. In Fig. 9 the outgoing flue is 
in the same position, but the incoming flue has been raised about two-thirds of the 
way towards the ceiling. In Fig. 10 the flues have been placed on about the same 
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level, bat with no better results. In Fig. 11 the ontgoiDg fine has been placed at the 
floor with the results shown in the sketch. In Fig. 12 both flues are at the floor- 
leyel with better results than have yet been obtained, but still far from satisfactory. 
I have thus tried to show the general action of incoming and outgoing currents of 
air by the placing of the introduction flues on the outer walls and the outlets on the 
iuner. 




Fig. 11. 



The second method in general use is the placing of the coil-boxes upon the inner 
wall and the removal of the foal air at the opposite or outer side of the rooms. I 
consider the placing of the coil-boxes on the inner wall a great improvement on 




Fig. 12. 

the other method, as by this plan they are centralized, extensive piping is saved, and 
the danger of freezing obviated. The placing of the exhaust flues on the opposite 
side of the room I believe to be open to the same objections that I have described in 
the first method. The action of the hot air, from the points where it is introduced 
toward the various outlets, is the same as in the sketches already shown, and will 
be readily understood by the reader. 
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In the Bridgeport school the coil boxes for the heating of the Tarions rooms have 
all been placed in the main ventilating shafts in the center of the building, and the 
air conveyed from them through these shafts to the rooms by means of metal tubes. 
The air enters the inner corner of the room about 8 feet from the floor, the corner be* 
ing clipped (see plans) so as to form a flat surface for the register opening ; under- 
neath the register the space is utilized for a closet for the use of the teacher. The 
outgoing flue has been placed directly under the platform, which is located in the 
same comer as the introduction flae. This platform measures 6 by 12 feet, and is 
supplied with casters, so that it can be moved at any time it is necessary to clean 
under it. Its entire lower edge is kept about 4 inches from the floor to give a full cir- 
culation of air under it at all points. The action of the incoming air is rapidly up- 
ward and outward, stratifying as it goes towards the cooler outer walls, thence flow- 
ing down their surfaces to the floor and back across the floor to the outgoing register 
on the inner comer of the room. By this method all the air entering is made to 
traverse with a circular motion (see Fig. 13) the entire room before it reaches the 




Fio. 13. 

exhaust shaft, and there is a constant movement ana mixing of the air in all parts 
ofthe room continually going on. All the heat entering is utilized, and I believe 
that if the supply and exhaust flues are properly balanced as to size that there can 
be a very small loss of heat. 

The inlets are all intended to be large, and the flow of air through them moderate 
and steady. The air is not intended to be heated to a very high temperature ; the 
large quantity introduced is expected to keep the thermometer at about 68^ at the 
breathing level. The schoolrooms contain on an average about 13,000 feet of air, or 
260 cubic feet per pupil. It is proposed to supply each pupil with 30 cubic feet of 
air each minute, or 1,800 cubic feet per hour. Allowing 50 pupils to each room 
this will necessitate the introduction of 90,000 cubic feet of air into the room each 
hour, and will change the air of the room 6.92 times within the hour, or once in about 
8 minutes. These calculations are based on a difference of 30 degrees in the temper- 
ature. In the exhaust flues there are placed coils to produce a strong up-current at 
all times ; heat is also obtained from radiation from the introduction and boiler flues, 
which run through the foul-air shafts. 

Trouble has always been found in regulating the supply of warmed air obtained 
by the indirect system, owing to the inability to control the heating surfaces. The 
usual way of constructing the apparatus has been to place in the coil boxes sufficient 
steam pipe to heat the room in the coldest weather. The pure, cold air passing over 
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the pipes becomes heated to the desired temperature, and is thea carried to the 
rooms. This answers very well during the coldest weather, bat as the weather mod- 
erates and less heat is required, the only way to regulate it has been to close the 
registers. This not only lowers the temperature of the room, but shuts off the snpply 
of pure air entering. This fault has been remedied in the Bridgeport schoolhoase 
as follows : The heating surface (steam pipes) for each room is inclosed in separate 
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cases or jackets (see Fig. 14) of metal, and are then subdivided into five sections, flo 
arranged that any number of sections or the whole maybe used at pleasure ; that is \fi 
say, that any one, two, or three parts may be used at discretion. In extreme cold 
weather the whole five sections are in use ; in moderate weather two or three, and 
when a small amount of heat is required, only one. By this plan the supply of pore 
air remains always the same, but the degree to which it is heated is changed by the 
opening or closing of a steam valve. (See Figure 14.) 
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The arrangement of all the heating and ventilating apparatus in the center of the 
baildint; renders it convenient and easy to manage, economical in its coustrnction 
and effective in working. The advantage is also obtained of having ail speaking 
tubes, call bells, and water pipes ran throngh the- ventilating shafts, where they are 
always accessible, as each shaft is provided with an iron ladder. This sys'em ha^ 
not only been introduced into each room, but into the halls as well. There are 
placed, moreover, in the halls foot warmers that are indicated on the plans. These 
warmers are simply steam pipes incased in tin boxes arranged between the floor 
joists ; the pipes are packed in sand to temper the heat, and are covered at the 
tioor level with checkered iron plates set flush with the floor. The tin cases referred 
to are water-tight, and have a drip pipe running down to the boiler room, so that in 
case of a leak no damage may be done to the building. 

The boiler room floor is sunk some 6 feet below the level of the ground floor to 
insure a drip of all return pipes from the coils. The cold-air inlets are on four sides 
of the building, the openings being about 8 feet from the ground. These inlets are 
connected so that, whichever way the wind may be, a supply of pure cold air is 
always assured. 

I have thus far spoken only of winter heating and ventilating ; for summer ventila- 
tion I believe that there are no better inlets for the air than the windows. There 
are many devices that may be arranged in them that are simple and effective. It is 
not necessary to describe them here. The outlets, however, need a brief description. 
It is intended not only to use the outlet under the platform, but by a simple device 
the incoming register for warm air in winter is made to connect with the main outlet 
in summer, so that two outlets are provided during the warmer months. The npgo- 
ing current in the ventilating shafts is maintained in summer, as well as in winter, 
by heat ; there being placed at the bottom of each shaft a stove, which is to be used 
constantly when the boilers are not in use, insuring an equally strong up-current in 
summer as in winter. 

I would say, in conclusion, that many interesting experiments have been made 
and important facts established. These experiments have principally been made 
with a model of about one-sixth the capacity of the schoolrooms. They have always 
resulted most satisfactorily, and have proved the correctness of the principles herein 
advanced against the objections commonly raised that heat brought into the room on 
the inner walls will not sufficiently warm the outer walls. I would say that in every 
test yet made the registration of carefully graded thermometers has been from 1^ to 
2^ warmer near the outer wall than near the inner, showing conclusively that the flow 
of heated air is rapidly towards cool surfaces, and that if its volume is sufficient it will 
counteract the radiation from the outer walls and render the temperature of the air in 
their immediate vicinity comfortable. Many other interesting facts have been estab- 
lished, and much useful data obtained, but I have neither the time nor the space here 
to describe them. I have purposely omitted in this paper all figures not actually neces- 
sary, aiming to make it a simple statement of my views, fortified by the results of 
actual experiments. If any should desire more minute details than are here given, 
by communicating with the writer he will willingly furnish all the information re- 
quired, or should any be interested enough to come to this city, he will be pleased 
to go through with them some of the experiments here mentioned. 

The building has been described throughout as it was designed to be built by the 
architect ; some modifications have been found necessary, however, during the prog- 
ress of the work. 
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Since the preceding pages were prepared for the press several new plans for heat- 
ing and ventilation have been introduced in this city, both in new houses and in old 
ones, with excellent results. The following description of these houses is taken from 
the Report of the Worcester, Mass., Schools for 1889. The only uncertainty as to 
the relative merits of these several systems is the item of cost in fuel consumption ; 
bat that will be determined later, and the results will be published. From the report 
for 1890, the description of the Salisbury Street house, and the instructions to janitors 
are also inserted. 

THE QUINSIGAMOND HOUSE.* 

This is a building of four rooms, two on each floor. The exterior is of hard-burned 
sand-struck bricks, with red mortar and granite trimmings. The facade is sparingly 
ornamented, but very effective in its simplicity. The basement is half above the 
ground ; and the entrances under porches are raised only one or two steps. All the 
stairs are under cover and always free from ice. The basements are paved with 
asphalcum, with whitewashed walls, light, high, and airy. From these on opposite 
sides there are entrances into the closets — on one side for the boys and on the other 
for the girls ; and from each closet is a door leading to the yard. Great care has been 
given to the lighting, the healing, the ventilation, and the sanitary arrangements 
of this house. The windows are massed on two sides of each room. They extend 
upward to the ceiling, and the sills are about four feet from the floor. They are pro- 
vided with light colored hoUand curtains rolling from the bottom; and the sash are 
hung upon metallic cords. The blackboards are plates of native slate 3 by 4 feet 
each, extending around the walls in all the vacant spaces. The finish is of brown 
ash ; the ceiling of corrugated iron ; the walls of adamant plaster ; and the floors of 
birch. 

The heating apparatus consists of two large hot-air furnaces for the schoolrooms, 
and another for the halls and dressingrooms. The supply of fresh air is ample. It 
is received, on either side, into two rooms in the corners of the basement, each about 
6 by 8 feet and having windows opening on adjacent sides of the house. A large 
conduit of galvanized iron conducts the air ftom. the top of each of these rooms to a 
box leading to the bottom of the furnace. Passing into the bottom of the air cham- 
ber of the furnace, the air is warmed and it rises through a vertical brick flue some 
2^ by 2i feet in horizontal section, and is delivered into each schoolroom through an 
opening at least 2i by 3 feet placed in the wall six or eight feet from the floor. By 
means of a damper, connected with this flue and controlled in the schoolroom, the 
hot-air flue may be partly closed and an opening made into the cold-air chamber ; 
and in this way the temperature is regulated without shutting off the supply of fresh 
air. From each room the air is exhausted through a similar flue leading to the base- 
ment. The opening into this flue is in the wall near the floor ; both these openings 

•See Figs. 53-67. 91 
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and those for the ingress of air are protected by wire screens with a mesh of about 
li iubhes, bat there is no means of closing them. Unlike the ordinary register, the 
wire screen obstructs the free passage of air bat very little. This flow of air is nn- 
interrapted. The ventilation is continuous. These ventilating flues are connected 
at the bottom with a large shaft extending through the roof. The upward current 
in this shaft is produced partly by the heat of the smoke-flue which adjoins it, and 
' partly by a small stove or furnace at the bottom of the shaft. This stove is to be 
heated always in weather when the furnaces are not in use, and at other times if 
necessary to secure the draft from the schoolrooms. During school hours, the air is 
warmed, passed into the schoolroom, where it circnlates thoroughly to every part, 
and out through the ventilators and the shaft, at the rate of at least 30 cubic feet per 
scholar a minute. By an ingenious, patented, and perhaps unnecessarily complex, 
contrivance, there is a box through a part of which the cold air is passed into the 
furnace and through another part of which the vitiated air also passes from the venti- 
lating flues into the shaft ; and in this box a large damper is so arranged that bj a 
single motion or half- turn of a crank, the cold air is shut off from the box, and at the 
same time the air from the schoolroom is shut off from the shaft and turned into the 
furnace. Thus, at night and while the school is not in session, the air from the 
room may be circulated through the furnace to be warmed, and back again to the 
room. The hall furnace opens through registers in the floor in both the halls and the 
dressing rooma— this for more conveniently warming the feet; and the air from the 
halls supplies the furnace. Floor-registers are always bad, however, because of 
the dust from dirty feet. They are less objectionable in halls than in schoolrooms. 

The closets are in an extension of the basement beyond the building, on the back 
side. The vaults are of brick, fire-proof, and so constructed that they may be closed, 
all at once, by an iron cover at the top ; and they are connected by a brick flue, at 
the surface of the basement, with the smoke flue. At the end of eaeh is a grate in 
which a fire may be built occasionally, with the tops dosed ; and the contents are 
consumed. The pavements of these closets are concrete or slate. The urinals are 
made of slate slabs set against the wall, slate partitions between the several com- 
partments, a gutter at the bottom leading to the vault, and an opening for ventila- 
tion downward, through which the air passes into the vault and up the smoke flue. 
Lavatories of the ordinary house pattern are provided for the teachers in dressing- 
rooms on each floor, between the schoolrooms, and adjoining the heating flues. This 
house is one of the most complete, if not the most complete, in all its appointmeutSy 
as it is the newest, of any in tbe city. Its working has been satisfactory, and in 
accordance with the theory, the past winter. But this winter has been unusually 
mild. There is no reason to think that it will not be equally satisfactory in the 
coldest weather. 

The cost of this four-room house has been $23,876.55, including |3,800 for the land. 

EXTENSIVE REPAIRS. 

-Material alterations have been made at the Lamartine -Street, the Ash Street, and 
the Belmont Street honses, by whicb the entire system of heating, ventilation, and 
closets has been changed ; and in each the method employed is different from the 
other. 

At Lamartine street the improvements have been made upon substantially the 
same principles of heating and ventilation as at the new house described above. 
The air is heated by four furnaces with a very large area of heating surface ; it 
passes into the schoolrooms through vertical brick flues, in which a damper, oper- 
ated in the schoolroom by the teacher, regulates the proportion of warm and cold 
air and thus secures the right temperature. Tbe openings are protected by wire 
screens, and they can not be closed. The ventilating flues have openings at the 
floor, and extend downward to the basement, beneath which they are connected with 
the bottom of a ventilating shaft in which the air is rarified by a furnace to create 
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the draft. The cold air in this honse is taken directly to the chamber of the furnace 
from the ontside, instead of from a room in the basement ; and in each of these flues 
there is an automatic damper, a patented device, it is understood, by which too great 
pressure of air into the furnace is avoided when the wind blows. If the air is forced 
in too rapidly the flue is partly closed, or wholly closed for the moment, in case of a 
sudden gust. 

The sanitary appliances in this house differ from those at Qninsigamond in this re- 
spect ; that instead of a Are for burning the contents of the vault, there is a flow of 
water into the vault, regulated by a ball-cock ; and at intervals the contents are dis- 
charged into the sewer. The urinals have a trough made of a slab of varying width; 
and they are ventilated at the bottom. They have no partitions to separate the sec- 
tions, and they are inferior to those last described. The ventilation of the vaults 
is through an underground channel into the smoke-flue, like the Qninsigamond 
honse. There appears to be no provision for rotating the air from the rooms through 
the fnmacey to be heated at night, as in the last-named school. A damper in the 
ventilating shaft, to be closed at ni«:ht, prevents tbe motion of the air. 

The halls and corridors are hen eA by the surplus warm air direct from the fur- 
naces, conducted, in galvanized iron pipes of large size. The cost of repairs upon 
this house of twelve roomS) as per auditor's report, has been $8,375.72. 

The Ash Street house has been heated by indirect steam with a Sturtevant blower, 
run by a 10-horse power engine, to force the air through the radiating coil. The air 
passes into the several rooms through vertical brick flues extending from the base- 
ment upward between the schoolrooms ; and the openings into the rooms are at a 
height of 6 or 8 feet from the floor, as in the two last-named houses. Tbe connection 
from the radiating chamber to these flues is made by galvanized iron conduits; and 
these conduits have two flues each, one for cold air and one for warm, with a damper 
controlled by the Janitor ** in the basement, to regulate the proportion of warm and 
cold air to be discharged into the room for reguliating the temperature. Ventilating 
flues of brick, built in connection with the hot air flues, opening into the room near 
the floor, and extending upward and Out at the roof, provide means for the exit of 
air; these flues chiefly depend for their draft upon the pressure of air from the fan, 
or blower/ into the room. Sheet- iron pipes deliver the fresh warm air into each of 
the dressing rooms. The air is taken from the outside into the blower through a 
screened window, about three feet wide by five or six feet high. New water-closets 
have been Erected in a separate building in the yard, connected with the school- 
house, on the girl s' side, by a covered and inclosf d walk. The building is provided 
with common earthen- ware hopper closets, flushed from a single tank, all at once, 
by the janitor in the basement. The urinals are of slate, with slate partitions divid- 
ing the sections, and fluuhed at intervals by the janitor by means of a perforated 
pipe extending along near the top. This building is warmed by steam coils con- 
nected with the boiler. So far as appears, the ventilation is through the windows, 
the doors, and the monitor-top. The cost of repairing this six-room house has been 
$4,6^8.20. 

At Belmont street. This large house of 18 rooms was formerly heated by direct 
steam. In the old part, of 12 rooms, there were no means of ventilation except the 
doors and windows ; and in the addition of 6 rooms the ventilating flues, though 2 
from each room were built for exhausting the vitiated air near the floor, were in- 
adequate for that rapid movement of air which is required by late sanitary science. 
In the heating of this house the direct piping was allowed to remain for use in ex- 
treme weather, if it should be found necessary. An additional boiler was set up, and 
indirect radiating coils were located in brick chambers at convenient points, from 
which vertical brick flues of large section extend to the several rooms. The fresh 
air is sapplied to these chambers as it is supplied to the furnaces in the Lamartine 
Street house; and there is the same contrivance for regulating the temperature, by 

* It is always preferable for the damper to be controlled by the teacher in the school- 
room. 
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lettiDj: on more or leas of the cold air withont obstmcting the ventilation. This is 
done by the teacher in each room. Ventilation is secured by means of a circnlar fan, 
7 feet in diameter, placed to revolve horizontally at the foot of a brick shaft. Each 
room is connected with this shaft throngh the floor, or near the floor, by means of 
brick flues or galvanized iron pipes extending to the basement, and communicating 
with the shaft through a spacious brick passage in the basement. The fan is run by 
a separate boiler and a 6-horBe power engine. 

The water closets are located in a separate building in the yard adjoining the school- 
house and connected with both the basement and the yard. The clo8et« are built 
above long vaults filled with water, as in the Lamartine Street house. These vaults 
were at first connected with the ventilating shaft; and so long as the fan was in 
motion they were well ventilated ; but when the fan stopped at the close of school 
there was nothing to prevent the foul odors from the closets from passing into the 
schoolrooms. They are now ventilated throngh another flue heated by a separate 
stove. The urinals are similar to those at Lamartine street, described above. These 
closets are heated by direct steam. The cost of these repairs has been $12,257.36. 

REMARKS UPON THE VARIOUS METHODS OF HEATING AND VENTILATING. 

Though these four houses have been in use one winter, it is too early to judge of 
their relative merits. With the exception of a slight bre ik in the engine at Ash 
street, which interrupted the school a day or two, and the ventilation of the closets at 
Belmont street, which has now been made right, they have all worked well. In each 
case the tests repeatedly applied have shown an air supply equal to 20 or 30 cubic 
feet of air per minute per child, which is ample; and in all cases the air in the school- 
rooms is quite pure and free from all disagreeable odors. 

In order to apply tests to all the newly ventilated schoolhonses under all conditions 
and for a series of months, the committee on schoolhouses have purchased four or five 
anemometers or air-meters and placed them in the hands of the principals of the 
schools, with directions for their uniform use, and for similar records of the results. 

It will be observed that the principles applied in the heating and ventilation, and 
to some extent in the sanitary appliances, at the Quinsigamond and the Lamar- 
tine Street houses are identical. In the practical application tiiere are variations. 
Both these houses are built, in these respects, substantially upon the methods intro- 
duced the year before at Dix street, and before that at Ledge street and at Adams 
square. This plan is known as the Smead system. Its working has been entirely 
satisfactory in all the houses where it is in use ; and so far, none of the methods out- 
lined above have shown any superiority to it. Whether either of them will prove 
superior can be determined only by experience, aild by comparison of the cost of 
fuel. Whether the furnaces at Quinsigamond which are smaller, or the larger ones 
at Lamartine street, which have never been used anywhere else, will prove more 
eflectivethan the Smead furnace, in raising a large volume of air to a moderate tem- 
perature ; and which of the three will prove the most economical of fuel and the 
easiest to manage, can be known only by trial, with equally careful and efficient jani- 
tors. Whichever proves to be the best should be introduced into the new houses to 
be built hereafter. 

The costly experiments with four methods of heating and ventilating schoolhonses, 
have placed the city in a position to know what is best ; and they have attracted the 
attention of committees from all parts of the country. It is not likely that five or 
six difierent plans, none of them without merit, can be seen in any other one place. 

There has been a difierence of opinion as to whether a sufficiently rapid change of 
air in a schoolroom, to supply thirty cubic feet of air per minute to each of forty or 
fifty pupils, can be secured without some mechanical means. This has been done 
without machinery at Dix street, Adams square and Ledge street, and the past year 
at Quinsigamond and at Lamartine street. For very large buildings of irregular con- 
struction, and where the basements cannot be used for furnaces with direct vertical 
flues, indirect steam heat is undoubtedly the best ; and a fan is very useful to move 
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the air. Bat for ordinary schoolhonaes, if the radiatiilg ^vcface is large so as never 
to be overheated, the warm air furnace is more prom|^ more direct, and more eco- 
nomical of fael. Unlike a basiness block, a schoolhon^ is in nse only five or six 
hours a day. During this time the air within should be changed about once in fifteen 
minutes, and the temperature should bo kept steadily at 68^ or 70^. For the rest of 
the twenty-four hours the temperature may be much lower. Under these conditions 
the heat can be generated quicker and fuel and heat more easily saved when not 
needed, in a furnace than with a steam boiler. And ventilation can be secured by a 
heated flue as well as by a fan. The heated flue has this advantage that it will draw 
when the janitor is not present ; while the fan has to stop if the engineer is away, or 
at the close of school ; and there are no conditions under which a flue will not draw 
if heated. The fan is not al^ ays positive in its operation. If all the rooms are closed 
in a calm day, and if the ducts are of equal length and capacity, and the registers of 
the same size, a fan will deliver an equal quanity of air to each of several rooms in a 
given time; but if one of the rooms is opened, or if it is located on the leeward side 
of the house in a gale, or if its register is larger, then this room will receive from the 
fan a greater quantity of air than the other rooms. The same is tiue of an exhaust 
fan. The fan then depends upon favorable or uniform conditions for uniformity of 
action, just as much as the heated flue does. It is more expensive, more liable to dis- 
order, requires more care and skill, and does not work alone. It should not be used 
when the simpler means will do the work as well. 

The Salisbury Street house * was completed and occupied for the first time in Sep- 
tember, 1890. It contains ten rooms, all spacious and well lighted. The ceilings 
are of iron. The corridors are broad— almost too roomy ; and the house has an 
elaborate system of heatiug by steam and ventilation by means of a fan driven by 
steam power. In this house the system of exhaust ventilation has been introduced. 
From each room a flue extends to the exhaust-room from which the fan forces the air, 
thus withdrawing it from the room. With this system there is a practical diffi- 
culty: If a door is left open, or if there are cracks around the windows or elsewhere, 
the cold outer air is urged into the schoolroom. More air is withdrawn by the fan 
than enters through the heating-stacks. It has now been practically shown that it 
is much better to force the warm air into the room if a fan is used, as seems advisable 
in large houses heated by steam. In this case the surplus air which does not find an 
exit through the ventilating flues, passes outward through the doors when open, and 
through the crevices around the windows. The quantity of air received into the 
room through the heating apparatus would be in excess of that which passes outward 
through the ventilators, this excess finding an exit elsewhere. 

DIRECTIONS FOR JANITORS OP SCHOOL-HOUSES, WORCESTER, MASS. 

(1) To sweep the entries, stairways, and schoolrooms, and brush out the chalk trays 
twice each week ; and to sweep the entries and stairways daily, when necessary. 

(2) To dust the furniture as often as the rooms are swept, and the windows, blinds, 
walls, and ceilings as frequeutly as may be necessary to keep them in good order. 

(3) To wash the floors, doors, stairs, balusters, seats, desks, and other wood-finish, 
and to clean carpets during the summer vacations ; to wash the windows twice each 
year — once in the mouth of April aud once the last week in August. 

(4) To build fires whenever they are needed, and in season to have the room suitably 
warmed at the time for opening the schools. Where the buildings are heated by 
steam the janitor is not to leave the building during the school session without noti- 
fication and consent of the principal of the school ; to give attention to the fire 
during the day, and to visit the schoolrooms as often as necessary to see that they 
are properly warmed and not overheated (68 to 70 degrees being the proper temper- 
ature) — these visits to be at least once in each school session, and at such hours as 
may be agreed upon, unless excused by the principal of the school. 

(5.) In buildings heated by furnaces aud provided with a system of ventilation, 
Janitors are to remain in or about the building, and are not to leave during the 

* See Figs. 61,62. 
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school session (as per paragraph 4); and under ordinary circumstances the cold-air 
boxes mnst be kept wide open for the admission of oatside air; in case of very high 
winds it may be necessary to partly close the slides, but this is to be regarded as ex- 
ceptional, and must not be practiced habitually. 

(6.) When the buildings have no special ventilating apparatus the fornaces are 
not to be left while the drafts are open ; and in buildings of more than four rooms, 
the janitors are to remain during the school sessions. 

(7.) They are to see that the receptacles for water are kept full. 

(8.) Where stoves are used, fuel sufficient for the day must be carried to the bev- 
eral rooms. Where steam-heating apparatus is used it shall be kept clean and in 
good order. Boilers shall all be blown off as often as necessary, and the tubes cleaned 
once each week. The safety valves should be tried every day, and all other valves 
kept properly packed. Ashes shall be drawn from under the boilers each day. 
Janitors of buildings heated by steam will be held responsible for the safety of the 
pipes from freezing. In extremely cold weather they must take unusual precaution, 
either by remaining during the night or until satisfied of the safety of the apparatus. 

(9.) Janitors muHt keep themselves informed in regard to the condition of tbe 
heating apparatus and give immediate notice of any possible danger arising there- 
from. 

(10.) It is not required that fires shall be kept up on holidays or during vacations, 
except enough to protect the apparatus. 

(11.) Hot water only to be used in thawing steam or water pipes. 

(12.) Janitors shall remove the snow and make paths in the yards leading to the 
several entrances, and to the outbuildings, and shall pile the snow in a place most 
convenient for its removal, if necessary ; and shall sprinkle sand or ashes upon the 
walks when in a slippery condition. 

(13.) To use the fuel economically ; to screen the ashes, and to burn the screenings 
on the fires. 

(14.) To shut any windows that may be left open at the close of the school session, 
and to keep the windows, outside doors (including those of the outbuilding), and 
the gates locked except during school hours. 

(15.) To take every precaution to avoid accidents from fire. 

(16.) Janitors shall maintain a general supervision of the estates during vacation. 
When workmen are employed on the premises, or wben fuel is received, they are to 
see that none of the property is misused or taken away. 

(17.) No person not sonnected with the schools shall be allowed on the premises 
without permission from the superintendent of public buildings, or the principal of 
the school; aud smoking in or about the buildings is prohibited. 

(18.) To notify the superintendent of public buildings whenever repairs are needed 
upon the buildings in their care: but janitors are expected to make good small 
defects around their schoolhouses when such can be done in less time and to greater 
advantage than by giving notice to the superintendent. 

(19.) To do such other xotIs. as properly belongs to the office. 

(20.) Whenever a vacation occurs of a week or more, janitors shall see that all 
movable property, such as maps, globes, charts, etc., is securely locked up. 

(21.) Janitors, in the performance of their duties, are under the direction of tbe 
principals of the schools, and of the superintendent of public buildings, under the 
direction of the joint standing committee on public buildings. 

(22.) Substitutes for janitors must be approved by the superintendent of public 
buildings ; and only in cases of emergency will the employment of an unauthorized 
person in the place of a janitor be allowed by the superintendent. 

(23.) Principals are requested to report monthly to the superintendent of schools 
upon the conduct of their janitors, and he will notify the suberintendent of public 
buildings of any neglect or inefficiency. 

Approved by the School Committee. 

WoRCESiTER, November, 4, 1890. 
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PLANS AND SPECIFICATIONS OF SCHOOLHOUSES, 

[Extract from a clrcolar iasaed in 1881 by State Saperintendent William C. Wbitford, of Wisconsin.] 

* * * The ninth design is furnished by Henry C. Koch & Co., architects, of 
Milwaukee. It is for a one-story, elegant school building, containing three school- 
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rooms and a teacher's room, which are conDected together by a long corridor in front. 
Separate wardrobes for girls and boys lead from this corridor into the schoolrooms, 
and are used for the entrance and exit of the pnpils. The schoolrooms are indicated 
on the plan by the rows of desks. The room shown without desks is for the princi- 
pal of the school, and can be used for the recitation of classes when necessary. 

The central part of the building is 140 by 46 
feet, and will accommodate 228 pnpils in the three 
rooms. This design requires that the building be 
of brick, with a stone basement up to the line of 
the top of the water table. The belts and pilas- 
ters are of brick, and the copings on gables of 
stone or terra cotta. This roof may be slated or 
shingled. 

The site for the building and the groand im- 
mediately surrounding it should be well drained, 
and drain tile should be laid outside the footing 
stone on all sides of the building, with a slight 
inclination to the point of the outlet. The foun- 
dation walls should be laid with cement mortar 
up to the line of water table. 

The bottom of the cellar should be covered with 
small stone spalls or clean coarse gravel, to » depth 
of at least 4 inches, and then grouted with liquid 
cement. When the grouting is set, the floor should 
be finished with a coat of Portland cement at least 
1 inch thick. 

The plastering on the walls should be sand- 
finish, floated ofi* straight and true, and rounded 
into the frames on the Jambs of the windows. No 
wood casings are used. The plastering should be 

continued down to the floor, full to the face of the 

^^m /^^^^^^M^^^^^BI gro""^^* ^^^ wainscoting. The ceilings should be 
I^^^ T.»...ww«— ■■■■■■■- ll finished white, with the usual hard coat. 
B ■iiiiiiiaiHimBHumiB 11 The floors should be of maple or other hard 
Vf\ ^■ ■■ ^■ ■j f H ii MHmimm ^ 11 .wood, dressed and matched, not over 2^ inches 
11 y fmiimiimHimHMiia || wide on the face, and smoothed off after being 

|-J ■innmiiiiiinmiuuM I i^:^ 

II ■iiMim i imHimmim i |l « , , , . , . 

j^^^gg—s^^ama^mm^^^jA ^^ * comdors and schoolrooms should be 
J^^^^^^^^^^^^^^^^ wainscoted from the floor to the height o^ the 

window stools. The wardrobea should be wains- 
Back of each 
teacher's platform is the blackboard, and the top of the wainscoting below the 
blackboard is finished with a shelf for chalk. 

The teacher's platform should be located as on the plan, so that the rays of light 
will be over the left shoulders of the pupils as they face the teacher. 

The building can be heated by means of two furnaces, using the center flue in each 
stack for the smoke flue. The stacks are shown on plan, located between the ward- 
robes at each end of the building. The two remaining flues in each stack are for 
ventilation. The warm-air flues are carried up in the walls between the rooms, 
which they may enter through registers above, at, or near, the floor. A sufficient num- 
ber of registers will be inserted in the floor, equally distributed, in each room, and a 
foul-air duct connected with each of these and the main foul-air duct. This last 
duct is connected with one of the vent flues in the stack, and extends along the 

Note.— Tbis hoane is not compact. The cost is too great for the accommodAtion. The admiBskm 
of warm air is not on correct principles, as outlined above ; and there is no provision for water-closets. 
A. P.M. 




Flo. 2.— Design 0, floor plan, 
coted 6 feet high from the floor, and all finished with a neat capping. 
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ceiling of the basement to a point neoessary to receive all the branch dncte from the 
registers in the floors. 

The capacity of the main dact shonld be fally equal to the combined capacity of 
1^ the branch dncts which it receives. All the foal-air ducts should be made as 
nearly air-tight as possible. 

The important consideration in this branch of the work is to provide inlets for 
fresh air and outlets for foul air^ both of sufficient capacity to insure a complete 
change of the air in the room in the shortest time possible without producing a per- 
ceptible draft. The capacity of the foul-air ducts should always exceed that of 
the fresh-air ducts. 

The eleventh design, furnished by H. C. Koch & Co., architects, of Milwaukee, is 
of a building to be erected in a small city or populous village. It is two stories high 
and contains four schoolrooms and two teachers' or recitation tooms. The latter 
are each 16 by 18 feet in the floor area. The upper story is a repetition of the lower 




one, as indicated on the plan, and each should be 14 feet in height. The main por- 
tion of the building is 67 by 45 feet at the base, and the wing, not including the 
porch, is 26| by 24f f. et. 

Both brick and wood are required in the coustruction. The front gable above the 
first story is frame, as are also the end gables from the Hue of the eaves, and the 
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xemainder of the ontside walls, as well as the inside ones, are built of briok. The 
tnane portions of the gables project over the walls below and are finished with 
"ihingles. The end gables are in imitation of timber work. The style of the build- 
ing, while nnnsnal, is plain and very attractive. The cost of erection is by no means 
greatly increased by the new features. The method of shingling portions of the oat- 
side walls, employed in this design as well as in some others in this circular, is a 
return to the plans used in this country over a hundred years ago. Such a covering 
is found to be warmer than clapboardiug and to wear much longer. Besides it gives 
a picturesque effect to the building. 

See description under ninth design for the construction of the foundation and 
cellar, and for the finish of the inside throughout. 

Each schoolroom will accommodate 60 pupils, seated at single desks. The separate 
wardrobes for the sexes and connected with each room furnish all needed facilities 
for depositing the clothing. Through them the girls and boys enter and leave the 
room at different doors. The extra room on each floor for the teachers or for the 
recitation of small classes will prove very desirable additions. 




Fig. 4.— Design 11, first and second floors. 



The grouping of the principal windows at the side of the study rooms is in con- 
formity to the established principles for the wholesome admission of light. In 
one-half of the building the light is received on the right side of the pupils. This 
is more advisable than to require them to sit facing the windows at the rear end of 
the room, or even the blank wall at the side, with a very large share of the light 
streaming over their backs upon their books or papers on the desks. 

The twelfth design was prepared by Messrs. Edbrooke & Burnham, architects, 
of Chicago. It presents the appearance of a solid, enduring, symmetrical, and im- 
posing structure. Its external embellishments are few and simple, and therefore 
adapted to its general style. It would be an ornament to any village or city. 

The outside walls of the basement are built of stone, 18 inches in thickness, and 
its partition walls of brick, 8 inches in thickness. The exterior walls of the first and 
second stories are brick, 12 inches in thickness, and the partition walls are wood, 
with studding varying in size for the places it occupies. The height of the basement 
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in the clear between Joists is 7 feet 8 inches ; of the first story, 13 feet 3 inches ; and 
of the second story, 14 feet 3 inches. The sectional area of the house, measured at 
the base of the first story, is 49 feet 6 inches by 52 feet. 

The building furnishes the usual conveniences for corridors, pnpils' wardrobes, 
teachers' or recitation rooms, and apartments for study. Two quite spacious rooms 
are set apart in the basement as play rooms for girls and boys. These can be used 
in wet or stormy weather, or in places where no sufficient playgrounds can be 
provided in the school yard. Each schoolroom will accommodate 35 pupils at single 
desks, or very comfortably 42 pupils at double desks. Each of the former nuMiber 
would have 19.7 square feet of floor surface, and of the latter almost 16.5 square 




Fio. 5.— Design 12, front elevation. 



feet. If small children should occupy the rooms on the first floor, one row of seven 
single desks could be added to each room with the double desks, and in it 49 pupils 
would then be seated and each have slightly over 14 square feet of floor space. 

The crowning feature of this schoolhouse consists in the arrangements for the 
ventilation of all its parts. A more complete and perfect application of the Buttan 
system to a school building has never before been devised. In this design it has been 
efifected under the immediate direction of Isaac D. Siiiead, the able representative of 
this system. The accompanying plans and sections exhibit the details of the arrange- 
ments for the heating and ventilation of the building. 
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Immediately underneath the platform of the front steps, as seen on the longitudinal 
seotion, is the fresh-air chamber, commanicating with the outdoors through windows 
covered with heavy wire screens. From this chamber a fresh-air duct leads under 
the large sized furnace, as shown in the basement of the longitudinal section, which 
is made on the line A B. The heated air enters through short flues into the corridor 
and directors' or recitation room on the first floor, and warms also the stairway and 
the corridor on the second floor. The wardrobes on both floors could be partially 
warmed by opening the doors ftom the corridors. The recitation room on the second 
floor is supplied with air from the furnace through a small flue in the partition below, 
which is built of brick. The four schoolrooms receive this air through a central flue, 
in which a damper regulates the supply for the flrst floor. 




FiQ. 6.— Design 12, left side elevation. 

The foul air is exhausted from the recitation and school rooms through the perfor- 
ated iron bases under the windows; passes under the floors between the joists; 
descends through the partitions between the studding, as indicated in both the 
longitudinal section and the transverse one for the foul-air gathering room, and is 
drawn through the privy vaults into the ventilating shaft, which is 3f by 4 feet on 
the inside. Here a powerful draft is produced from the air forced into it by the 
action of the furnace and by the heat supplied by the upright smoke pipe in the 
shaft. 

The construction of the ,separate privies for girls and boys is shown in the base- 
ment plan and in the smaller transverse section. The excrementitious discharges fall 
from the seats into the vaults beneath, which are each 4| feet deep and 17 inches 
wide. The contents from the urinals in the boys* privy are emptied through a pipe 
at the foot of the ventilating shaft. The exhausted air, as it passes over these dis- 
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Fio. 6.— Design 12, transverse sections, privj yaolts, and foul-air roo^n. 
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charges into this shaft, rapidly carries away the watery vapor and the gases pro- 
duced hy their decomposition, and thoroughly dries them. Only ahont one-sixth of 
these fiBces by weight remains in the vaults after being subjected to this process; 
and this residuum is, easily and with no ofifensive odor, shoveled occasionally into 
baskets and carried out of the building. The practicability of this arrangement can 
not be questioned. , It has been tested with complete success in private houses and 
institutions of learning and the testimony is that no impure air, even in the sum- 
mer season, rises from the vaults and penetrates the apartments of the houses. It is 
at that time also withdrawn through the ventilating shafts. 



Fig. 0.— Design 12, basement plan. 
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Fio. 10.— Design 12, first floor plan. 
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Fig. 11.— Design 12, second floor plan. 
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Fke-room sehoolh&use.— The only design with this n amber of schoolrooms is found 
below. It was donated by Messrs. Edbrooke and Bamham, architects, of Chicago, 
Illinois. It was first prepared by them for the school district in the village of River 
Falls, Wisconsin, where ^he erection of the building was completed in 1880, at a cost 
of $12,000. This does not include any of the heating apparatus or the furniture. 

It is truly a magnificent structure, striking in appearance, commodious in all its 
arrangements, and corresponding in very many points to the best recognized princi- 
ples of schoolhouse architecture. It stands on a slight eminence facing the south. 
It has separate entrances on the sides for girls and boys, and accommodates in its 
schoolrooms 275 pupils, in the three grades of a public school. 




Fio. 12.— Design 18, penpectiTe view. 



Shoyld a fire ever occur in the house affecting either stairway, the school can read- 
ily escape from all the rooms through the other stairway. Passage is easily made to 
the different portions of the house through the corridors and the stairways, and to 
the outbuildings in the rear by means of doors in the back ends of the entrance halls. 
The front doors could be set, without injury to the architectural appearance of the 
house, so far within these halls that the steps for entrance could be placed in them 
under cover. It will be observed that all the doors by which the pupils enter the 
building and the rooms on the first and second floors open outwards. 

The Rattan system of heating and ventilating is in operation in this building. An 
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admirable feature of this system is the location of the smoke and ventilating shaft in 
the center of the honse, where its walls are not cooled by exposure to the external 
air. 

The height of the basement story is 8 feet 3 inches in the clear; of the first story 
14 feet 5 inches ; and of the second story, 16 feet 4 inches, and 14 feet 3 inches. The 
height of the tower and other parts of the building are as shown in the perspective 
and section. 




Fio. 13.— Design 13, longitudinal section. 
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Fig. 14.— Design 13, basement plan. 
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Fio. 16.— Design 13, second-floor plan. 
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DESIGNS FOB SCHOOLHOUSES.—BEPBODUCTIONOF WOBK ISSUED JULY, 
1888, SHOWING DESIGNS ACCEPTED BY THE DEPABTMENT OF PUBLIC 
INSTBUOTION OF NEW TOBK* 

introductory. 

State of New York, Department op Public Instruction, 

Superintendent's Office, Albanyy June 15, 1888. 

Chapter 675 of the laws of 1887 authorized and directed the State snperintendent 
of public iustruction to procure architects' plans and specifications for a series of 
school buildings ranging in cost from $600 to $10,000, together with full detail work- 
ing plans and directions for the erection of the same. It also directed him to accom- 
pany them with blank forms for builders* contracts and with suggestions in relation 
to the preparation of the grounds and the arrangement of the building with reference 
to lighting, heating, ventilating, and the health and convenience of teachers and 
pupils, and then to publish the whole in convenient form for distribution to trustees 
and others having use therefor. 

Acting under this statute and with a desire to carry out its manifest purpose to 
supply school officers with the most modern and artistic plans or designs for the erection 
of low-priced schoolhonses, as well as with the latest and fullest information upon 
the general and important questions relating to the carrying out of the same, the 
State Snperintendent, by circular dated September 20, 18d7,4nvited the architects of 
the country to present in competition plans and specifications for school buildings of 
different sizes and cost, and used a portion of the sum appropriated in said act for the 
purpose of providing prizes for the most meritorious designs. 

Designs were invited for any or all of the following-described buildings : 

Frame building to cost not to exceed $600, to accommodate f^om 20 to 40 pupils in 
one schoolroom. 

Frame building to cost not to exceed $1,000, to accommodate 40 to 60 pupils in one 
schoolroom, or two if a temporary division can be arranged. 

Frame building to cost not to exceed $1,500, to accommodate from 60 to 100 pupils 
in two schoolrooms. 

Frame building to cost not to exceed $2,500, to accommodate from 100 to 120 pupils 
in two schoolrooms. 

Frame or brick building to oost not to exceed $5,000, to accommodate from 120 to 
175 pupils in three schoolrooms. 

Brick building to cost not to exceed $10,000, to accommodate from 175 to 250 pupils 
in four schoolrooms, and t-o have an exhibition hall. 

Two prizes were offered in each of the above classes : To the designer of the best 
arranged and most complete building in classes 1, 2, 3, 4, and 5, respectively, the sum 
of $100, and to the designer of the next best in each of said classes, the sum of $50; 
to the designer of the best and most complete building in class 6, the sum of $150; 
and to the designer of the next best, the sum of $75. The right was reserved to make 
no award in any class where the design presented was not sufficiently meritorious, in 
the judgment of the committee, for the use indicated. 

* For plans, see page 123 et seq. 111 
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Ex-Staie Superintendent William B. Buggies ; Prof. J. W. Kimball, president of the 
State Teachers' Association ; Superintendent Charles E. Gorton, president of the State 
coancil of superintendents ; Principal E. H. Cook, of the Potsdam Normal School ; 
Dr. George A. Bacon, representing the Associated Academic Principals; Willis R. 
Hall, school commissioner of the second district of Chenango County, and Mr. Albert 
W. Fuller, architect, of the city of Albany, accepted my invitation to act as a com- 
mittee to examine all designs submitted and to award the prizes. The report of the 
committee is submitted herewith. 

It was stipulated that all designs submitted should become the property of the 
State, with the right to publish meritorious designs which did not receive the highest 
commendation of the committee, giving designers in allcasesproper credit for author- 
ship. 

The movement prop osed was undertaken in the hope that it would result in more 
attractive and comfortable low-priced schoolhonses in this State. For reasons which 
will appear obvious upon reflection, there has heretofore been but little done in thla 
direction. At the popular centers the buildings are generally fair, and when new 
ones are erected they are ordinarily very creditable. But outside of the large com- 
munities many of the buildings are truly wretched, erected without any idea of 
architectural effect, and entirely regardless of those matters upon which the health 
and comfort of the pupils mostly depend. Old buildings, in a shameful state of decay, 
are continued in use year after year. When new ones are erected it is considered 
unnecessary or too expensive to employ professional help, and so the best results are 
not secured. We are endeavoring to arouse and e dncate public sentiment upon the 
subject. We are telling the people that the health and eyesight and comfort of 
teachers and pupils are worth caring for. We are striving to impress upon them the 
fact that neat and wholesome buildings in themselves exert a strong moral and educa- 
tional influence. It is believed that we can do this most effectively by placing in 
their hands the mout meritorious designs, the latest information, and the best helps. 
Showing them jnst how to do a good thing will accomplish more than simply telling 
them they ought to do it. * * * 

A. S. Draper, 

State Superintendent, 

SCHOOLHOUSE GROUNDS. 

To the ordinary observer the country schoolhonse presents little that is pictur- 
esque or restful to the eye ; often more that is suggestive of dilapidation and a gen- 
eral lack of attention to repairs and a proper maintenance of the structure itself. 
The grounds surrounding the building are entirely neglected, presenting altogether 
a picture as uninteresting as the country affords. 

The house is largely located with reference to the center of population and its 
accessibility to the children of the district. The topographical features of the site 
are not especially considered, but a location near the intersection of the country 
roads or a convenient one on the highway is generally preferred. The structure is 
without architectural merit, the grounds are worn bare, and the absence of tree and 
shrub makes still more dreary and uninviting the general aspect of the building and 
its surroundings. 

Is it a wonder that the children go reluctantly to school and run away from the 
locality as soon as they can ; that they are careless as to the condition of their sur- 
roundings and of the school property ; that they destroy the turf and make bats and 
shinny-sticks of any isolated fence picket or small tree in the vicinity f They are 
not allowed to play tops in their sitting rooms at home or marbles on their dining- 
room tables. Can the children be taught to respect, take an interest in, or care for a 
lawn, tree, or shrub, if introduced as an embellishment to the immediate surroundings 
of a country schoolhonse, when such a treatment of a portion of the grounds would 
seem to conflict with the impetuosity of their movements or their rights as players of 
shinny, baseball and marbles f 
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This resalt has been accomplished in cities where the population is more dense, 
and occasionally in the country, by affording ample oppoi*tuuity and space for such 
games at a point not too remote from the school building and restricting the children 
to this locality for such sports. 

It is evident that it is impossible to maintain a lawn or turf where shinny, marbles, 
baseball, and similar games are permitted. On the other hand, we should be loath to 
sacrifice the pleasure and health of our children for a bit of lawn or the pleasing 
effect of a few shade trees. Can these conflicting elements be harmonized? Can we 
let the children play and still have some grass and shade and inviting grounds 
around our country schoolhouses f Where children and grown people as well find 
neglect and want of care the rule, they are apt to reciprocate in kind, and become 
careless. One is inclined to be a little more circumspect in his outward behavior, 
surrounded by objects of value and comfort at home, than on a bam floor. A whole- 
some restraint is educational and beneficial in its effects. If ample facility is afforded 
the children for games and they are not permitted the use of that portion of the 
grounds improved, the teachers could soon interest them and teach them to respect 
the locality. 

If in the spring and fall an arbor day was selected for the planting of sach m9.terial 
as might be selected for the purpose, and the children given a holiday to assist in 
the work, an interest in the condition and growth of the trees would soon be devel- 
oped that would not be restricted to the schoolhouse grounds, but extend to the 
wayside and the homes of the children. How can this be satisfactorily accomplished 
and how are we to go to work to obtain this result f In a general way as follows: 

Select a proper site, build a commodious, comfortable, and neat structure, surround 
it by grounds of sufficient size to offer some opportunity for embellishment, apart 
from the utilitarian requirements of the children, and afford them ample space for an 
UDlimited indulgence in games away from the immediate surroundings of the school- 
house. The selection of a site is vital to picturesque effect, and a sufficiency of 
ground essential to the development of such a scheme. The exposure of the school- 
house with reference to the sun and the prevailing winter winds is an important 
factor tending to the comfort of the children, and the topographical features of the 
site are equally important elements in solving economically the questions of drainage 
and the treatment of the grounds. 

Select a sive, therefore, that is convenient to the majority of the children attend- 
ing school, one somewhat retired and sufficiently removed from the street or high- 
way to afford a sense of seclusion and freedom from noise. The ground should be ele- 
vated and removed from unsanitary influences or surroundings. Face the house to get 
plenty of sun, and locate the site, if possible, with reference to the protection afforded 
by a natural forest growth on tho north and west exposures, and when this can not 
be secured protect this side by evergreen planting. Give protection from the summer 
sun by detached grouping of deciduous trees sufficiently near to afford shade. Set 
apart an ample space for the children's playground at a convenient distance on the 
east or west side. McJke the approaches to the building of ample width to facilitate 
a rapid depletion of the grounds in front, and treat this exposure simply as a lawn, 
relieved by detached grouping of trees or shrubbery, as the extent of the lawn sur- 
face may determine. 

The necessary outbuildings should be properly screened with evergreens. The 
location, exposure, and topography will determine the plan of treatment, so that an 
arbitrary ground plan would not be applicable in every case. Suitable evergreens 
for protective screens or for shutting out objectionable features or views can be gen- 
erally secured in the country where the white pine, Norway spruce, hemlock, and 
arbor-vitsB are indigenous to the locality ; and deciduous trees, such as maples, oaks, 
ash, beech, and dogwood, with many desirable native shrubs, can often be found 
among the second growth on the hillsides, the open borders of woods, or rJong neg- 
lected fence lines. Unless an intelligent supervision, however, is given to the 
selection and removal of such speci mens ornat ive growth, the result of such planting 
710— No. 3 8 y^B'^ARy' 
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in nsaally a fail are. NuTBery-grown stock is cheaper, and the immediate resalts are 
more satiHfactory. 

Generally speakiDg, both evergreen and decidaoas planting meets with better 
success in the spring than in the fall. Especially is this the case when the holes are 
dng in the fall, filled with good loamy soil, and this allowed to become mellow before 
planting the following spring. A better and choicer selection of planting material 
can, of coarse, be obtained from the nursery, and where this is resorted to a selection 
can be obtained differing essentially from the field or native stock in form and color, 
thus overcoming the objection to a repetition or monotony of planting. Generally, 
nurserymen of established reputation are willing to select such material as would be 
desirable when sufficient data are furnished them bearing upon the subjects of 
climate, exposure, character of soil, and the scope of treatment. 

These suggestions, though somewhat vague, and not especially detailed in char- 
acter, it is hoped will tend to awaken a spirit of reform and improvement, so far as 
the condition and treatment of suburban and country schoolhouse grounds are con- 
cerned. — Wm, S, Egerton, 



School Outbuildings. 



LOCATION. 



The schoolhouse should, if possible, be so located that there shall be a yard in the 
rear, divided by a tight fence 7 feet high extending from the house to the rear line 
of the school lot. The laws of the State, as well as all rules of propriety and decency, 
require that every schoolhouse shall have an entirely separate outbuilding for each 
sex. It is usually far better and safer that they should not be under the schoolhouse 
roof. In addition to the separating fence each outbuilding should be inclosed by a 
high tight fence, the gates of which are kept closed when school is not in session. 

If possible, let each outbuilding be connected with the schoolhouse by a covered 
walk with latticed sides as a protection to the children in stormy weather. (See 
Fig. 1.) 




Boye* 



Fio. 1.— J., covered walk; B, lattice fence; C, tight fence 7 feet high; D, closets, each in separftte 
compartment ; E, arinals under cover and separated by partitions; F, gates for removal of contents 
or receptacles ; O, board fence ; H, doors ; /, closet seats. 
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For plan for disconnected outbaildings and yards, see Fig. 2. 
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Fig. 2. 



RKCFPTACLES BENEATH THE BUILDINGS. 



Vaults are uncleanly, and the gases which' they generate pollute the air, and are 
not only offensive, but dangerous. Besides, by infiltration through the soil, the con- 
tents have, in numerous iustances, reached wells, and thus spread fatal diseases. 
Vaults should never be tolerated. Where connection can be made with a sewer, and 
a supply of water can be had, the best plan is to lay a 6-inch iron drain-pipe below 
the reach of frost, beueath the seats of the closet, extending the whole length of the 
building. Let an upright pipe of 4-inch iron be connected with the above-men- 
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tioned main, and extend upward and connect with an enameled iron hopper. Water 
is brought from the cellar of the schoolhoiise by an iron pipe which extends np to 
the top of the bowl or hopper. Water should be kept running during the time when 
the closets are liable to be used. This will prevent the adherence of any substance 
to the surface of the bowls. 

The iron leader carrying the water from the roof of the closets should enter the 
upper end or head of the drain pipe under the seats, that every rain may aid in wash- 
ing out the sewer pipes. All joints of the drain pipe should be leaded, and a trap set 
to prevent any odors from coming into the closets from the sewers. This trap should 
be ventilated, as shown in Fig. 2, The water pipe should be so laid that there shall 
be a good descent all the way from the top of the bowl to the cellar drain, that when 
the water is shut off it may run back and out before it freezes. 




Fio. 3.~Section of closet showlnjic arrangement for drain system. A, 6inch iron drain connecting 
with sewer; B, tnip; O, vent pipe; D, enameled iron flushing hopper; H, seats; F, partitions; 
G, water supply pipes ; JET, iron leader from roof; i, 4-inch iron outlet pipe. 

When closets are constructed as above described, they give no trouble, even in the 
winter. The arrangemeut of the pipes is also shown in Fig. 2. 

EARTH CLOSETS. 

When a sewer is not accessible, the best and cheapest receptacle is the earth closet. 
Construct a plank box 32 inches wide, 18 inches deep, and as long as the building. 
This may be set upon the surface of the ground, or let into the ground 6 or 8 inches. 
It should be so placed as to extend only about 2 inches under the riser (front support 
of the seats in the closet). It will then project about 15 inches back of the building ; 
cover this projectio)i with a slanting door hinged to the back of the building. 

Dry earth or ashes should be thrown in daily. Plant several elm or willow trees 
near the building, to take up the liquids which will, to some extent, pass out of the 
box into the soil. 

During the winter salt should be frequently thrown into the box to prevent the con- 
tents from becoming frozen to such an extent as to prevent removal. By raising the 
lid in the rear the contents can be readily shoveled into a cart or wagon. Gardeners 
will gladly remove the contents without charge. 




Fig. 4. — Section of earth closet. A, B, O, D, box used as receptacle ; E, seat ; jP, hinged lid, used in 
removal of contents; O, compartment partition. 
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The above arrangement is mHch cheaper than a vaalt, is safe, and is easily man- 
aged at small expense. (See Fig. 5.) 



II' 



iSBl 



Fig. 5.— Section of nrioal shed. 



J., end of nrinal; B, partitioD 
partment partitions. 



0, 2), J?, F, urinal shed with com 



CLOSET BUILDINGS. 

These are best bnilt of brick, though wood is more commonly used. They should 
always be partitioned into compartments (see Fig. 1), each large enough for only one 
person. Each of the two buildings, required by law, should have three or more com- 
partments, though in the case of a very small school two compartments may be suf- 
ficient. For every schoolroom seating forty or fifty pupils there should be at least 
two compartments in the closet for each sex. The seats should be large enough for 
only one person ; the compartments or sections should not be more than 2 feet 2 
inches wide. Each should have a separate door, which can be closed by the pupils, 
but can not be fastened on either side. These doors should be locked as soon as 
school closes at night and opened only a short time before school begins in the morn- 
ing. The partitions between the compartments should extend from the floor to the 
roof. (See Fig. 3.) 

The distance from the front of the closed door to the seat should be 3 feet. Let the 
seats be graduated in height, according to the ages of the pupils. For the youngest, 
seats should be not more than 10 inches high. The inside of the riser, supporting the 
front of the seat, should be lined with zinc, or it will soon become saturated and very 
oifensive. It is folly to slant the seat or to place any obstruction above it. 



URINALS. 

One of the most prolific causes of the outrageously filthy condition of boys' out-, 
buildings is the lack of proper urinals. These should always be constructed of some 
nouabsorbing material, as enameled iron, for which boards line.l with zinc are a fair 
substitute. They must be under shelter, and to secure proper privacy there is here 
also the same need of partitions as in the closets. There should be more urinals than 
closet compartments. 

In case of closets connected with a sewer, as previously described, the partition of 
the closets extends back about 30 inches, 
and the roof is continued back sufficiently 
to cover them. The urinals are here made 
of enameled iron, the lowest point of each 
being at its center; t. 6., they are shaped 
like an elongated hopper. An inch lead 
pipe leads down from the lowest point and 
enters the upright drain pipe under each 
seat. The openings from the bottom of 
the urinals should be covered by a piece 
of coarse brass wire cloth, to prevent stop- 
page by any solid substance thro wn therein . 

In summer it is well to keep on the wire screen several pieces of copperas as a disin- 
fectant. All boards liable to become saturated with the liquids should be covered 
with zinc. (See Fig. 6.) 




Fig. 6.— Section of clooet, showing how urinal may 
be drained into outlet of howl. A, hopper; B, 
seat; O, urinal; D, compartment partitions; E, 
water supply pipe ; F, partitions. 
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In case of earth closets, let properly covered and partitioned arinals be bnilt in the 
rear of the closet next to the inclosing fence. A drain sboald be so arranged as to 
condact the liqaids into the soil for some considerable distance, there to be appro- 
priated by trees and grass. The joints of the tile should not be cemented. The 
building should be painted within and without. 

While vaults ought never to be allowed to exist, yet they may be rendered more 
tolerable by pouring in, every week during warm weather, a pail of water containing 
four pounds of dissolved copperas and an ounise of crude carbolic acid. This solution 
should be poured into drains quite frequently during warm weather. 

The trustees, having put the outbuildings in proper condition, should hold the 
teacher to a strict accountability for their preservation. The first soiling or pencil 
marking must be removed immediately, as it is far easier to keep closets scrupulously 
clean than in a half-cleanly condition. 

The law requiring separate closets for each sex,* and that they shall be neat and 
clean, is explicit, and the penalty for its violation severe. If the closets are properly 
constructed, are made neat and cleanly, and are inspected daily by a teacher who is 
determined to succeed in this matter, and who can create a proper sentiment among 
the pupils, the great disgrace of filthy and obscene outbuildings will speedily disap- 
pear from our school grounds.— H^. M. Sanford, 

Ventilation. 

There is no one thing connected with the economies of school life that is worth so 
much aud costs so little as proper ventilation. Many schools are pronounced inferior 
(and rightly so), and many teacheis oftentimes fail in the proper education of such 
schools, because the physical conditions upon which all mental development is based 
are wanting. Nothing adds more to the enjoyment of life, nothing is more absolutely 
necessary for mental work than pure air and an abundance of it. A schoolroom fitted 
for children to occupy must have two essential provisions. There must be an ade- 
quate supply of pure, warm air, and the foul air must be removed in order to give 
place to the pure air. This must be done in such a manner as to prevent all drafts 
that will endanger the lives of the children. Without stopping to give reasons for 
certain necessary arrangements, it is proposed to suggest simple plans: 

In building an ordinary single-room district schoolhouse, a brick flue should be con- 
structed, at least 2 by 3 feet in the clear; this flue should contain within it an 8-inch 
heavy iron pipe, placed in the center and extending fully 2 feet above the top of the 
brick flue; the brick flue should extend down into the basement, and directly under 
the floor should be connected by means of pipes with two or more registers placed in 
opposite parts of the room directly in the floor, beiug careful not to place them under 
the seats. These registers should be at least 16 by 20 inches, and after the fire is 
built iu the morning should always be open. When the fire has been burning suffi- 
ciently long to warm the iron pipe, there will be an upward current of air in the 
brick flue, which will at once begin to exhaust the vitiated air of the schoolroom. 

* Chapter 538 of the Laws of 1887, entitled " An act in relation to health and decency in the aohooL 
districts of this State," is as follows : 

"Section 1. From and after the first day of September, 1887, the board of education, or the tnistee 
or trustees having supervision over any school district of this State, shall provide suitable and con- 
venient water-closets or privies for each of the schools under their charge, at least two in number, 
which shall be entirely separated each from the other, and having separate means of access, and the 
approaches thereto shall be separated by a substantial close fence not less than seven feet in heif^ht. 
It shall be the duty of the officers aforesaid to keep the same in a clean and wholesome condition, and 
a fedlure to comply with the provisions of this act on the part of the trustees shall be sufficient grounds 
for removal from office, and for withholding from the district any share of the public moneys of the 
State. Any expense incurred by the trustees aforesaid in carrying out the requirements of this act 
shall be a charge niK)n the district, when such expense shall have been approved by the school omn* 
missioner of the district within which the school district is located; and a tax may be levied therefor 
without a vote of the district." 



DESiaNS FOR SCH00LH0U8ES — NEW YORK. 119 

To provide fresh air, if an ordinary stove is u^ed, an opening oan be made directly 
under the center of the store, about 12 by 16 inches, with a pipe fitted to this, run- 
ning into the basement and connected with the outside ;. never to be left opening 
into the cellar. This pipe, or wooden box, if preferred, should contain a damper, 
which may be closed at night, and by means of which the supply of fresh air may be 
regulated, depending on the wind and temperature. This pipe under the stove 
should extend to within 4 inches of the bottom of the stove, and should be fitted 
with a flang<) running over the entire bottom of the stove and projecting 2 inches 
beyond on ■ oth sides, with an edge turned up about 3 inches, so as to give an upward 
direction to the air as it becomes heated by the bottom and sides of the stoves. 

When a furnace is used, a much better supply of heated air can always be furnished, 
but the fresh-air supply should always be connected with the outside, and never be 
taken from the cellar or schoolroom itself, as the air from either of these places 
would endanger the health of the occupants. 

The principles involved in the foregoing are the same to be used in a building of 
two, four, six, eight rooms, or of any size whatever. They may be briefly enunciated 
as follows : 

1. Two hundred cubic feet of air should be allowed for each scholar, provided the 
air is changed continuously.* 

2. The foal air should be taken out of the rooms at or near the floor. 

3. The ventilating flue should be of sufficient capacity to take out the foul air. 

4. The ventilating flues should always be heated to be of any value in exhausting 
air. 

5. The supply of fresh air must be warmed, and the amount of fresh air mast be 
sufficient to compensate for that taken out by the foul-air shaft. 

SUGGESTIONS. 

1. When furnaces or indirect steam is used in the construction of new buildings, 
the warm fresh air in the schoolrooms should be admitted above the children's heads. 
In the cloakroom or hallway there should be one or two registers placed in the floor 
for the purpose of drying and warming feet and clothes ; but unless absolutely nec- 
essary, these should never be placed in the floor of the schoolroom, as there is noth- 
ing more disagreeable than the odor of drying boots and clothes in a room used for 
daily school work. 

2. If school trustees, parents, and teachers really understood how much more 
mental work can be done in a schoolroom properly supplied with fresh warm air 
than in a room where the air has become vitiated and unfit to breathe, a month 
would not elapse before some adequate provision would be made in this direction. 

3. It is estimated by c mpetent authorities who have gathered the statistics, that 
vitiated air in the houses of our citizens causes 40 per cent, of the deaths annually 
occurring. 

4. Every schoolroom should be provided with a series of the lime-water bottles, 
showing the per cent, of vitiated air and determining when it is dangerous. A series 
of saoh bottles are inexpensive, and at the request of the Association of New York 
State School Commissioners have been prepared and may be obtained by applying 
to C. W. Bardeen, of Syracuse. 

I hope that these suggestions may prove of value to the teachers and school trus- 
tees of our State, and trust that they may be the means of urging upon those in 
authority the necessity of furnishing our children with that which they need in 
order to do good work, and which may be had freely at slight expense. — E, H, Cook, 

*AccordiD£ to the reoommendAtion of the State Board of Health of New York. 
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LIGHT AKD EYESIGHT. 

Conyincing argamenta, snpported by statistics, have been advanced by eminent 
writers, directing attention to the iojarions infloences of too much school work and 
insufficiently lighted schoolrooms upon the acuteness of vision, bnt unfortunately 
little attention has been given to remedying an evil which has incapacitated thou- 
sands of children for the comfortable enjoyment of one of the most important of 
the senses. Properly lighted schoolrooms promote a healthy influence upon the 
faculty of visual application. Good light is indispensably necessary for the com- 
fortable exercise of the power of vision, and any architectural interference with the 
manner of introduction and distribution of the same is injurious to the eye and prej- 
udicial to health. It is during the period of school years that the eyes of children 
are prone to lose their acuteness, thereby becoming more susceptible to influences 
tending to a development of refractive disturbances. The golden rule for the guid- 
ance of teachers is to refrain from overburdening the eyes with school work requiring 
long and close application, but the observance of this rule is of little consequence, 
if, in the architectural design of school buildings, the fact that good light is essen- 
tial to acute vision and favorable to good health is overlooked. Light is one of the 
abundant gifts of God to man ; its presence is essential to the faculty of seeing; it 
is an important factor for the preservation of vision, and it is a pity that, by the 
abuse of its virtues, a single eye should be robbed of its normal acuteness. The 
wrong done to children by exacting proficiency in a curriculum of high standard, 
under the injurious influences of too much school work and a faulty arrangement of 
light-supply, can no longer be ascribed to ignorance on the part of the teacher, or a 
want of the knowledge of construction on the part of the architect ; and if, in the 
future, the much needed reform of less school work, aided by a proper and v» ell-reg- 
ulated supply of light, be inaugurated, it will do much to lessen the large percentage 
of refractive errors acquired during the period of school life. The quantity of light 
introduced into schoolrooms should be of sufficient strength to fully stimulate the 
faculty of vision. If necessary, space and symmetry of schoolrooms should be sacri- 
ficed to architectural plans best calculated to afford such light that will make the 
visual act a pleasure and not a burden. Methods adopted for the introduction of 
light in school buildings should be perfected to a degree admitting of complete con- 
trol of the quantity required and the regulation of the same. Special attention 
should be given to the location and size of windows, the quality of glass, and the 
mounting of the same in a manner that will not interfere with the transmission of 
light by the reflection of shadows. Low windows should be condemned, and the 
windows covered by hangings or shades that will admit of controlling the light, so 
that the supply may be introduced from above and not from below. The appliances 
by which light is admitted and tempered should, in color, be of neutral tint, so as to 
protect the eyes from the annoyance of reflecting effect. Light should not be so 
sparingly admitted as to be insufficient for the purposes required, nor too strong to 
be trying or dazzling to the eyes. 

The source of light-supply in school buildings should admit of being so governed 
as not to come from opposite directions. Seats and desks should be so arranged that 
the quantity of light required should come from above and from the left side. Plate 
glass of equal density, clear and free from flaws and irregularities, is best calculated 
for the free transmission of light. The custom of introducing windows of tinted or 
cathedral glass may add to the appearance of school buildings, but possesses the dis- 
advantages of diminishing the intensity of light and altering the equality of its 
elements. The walls and ceilings of schoolrooms should be tinted in colors, prevent- 
ing any glaring effect, and, under all circumstances, the effect of light upon the eye 
should be soft, free from glare, and of sufficient strength to see with clearness and to 
admit of study with comfort. — Herman Bendellj M. D, 



DESIQNS FOR SCHOOLHOUSES NEW YORK. 121 

Blackboards. 

EXTENT. 

Blackboards should extend entirely aroand every schoolroom. It is better that 
the top shoald be 6^ feet from the floor, to enable the teacher to place work on 
the blackboard to remain from day to day. For the use of the young children the 
boards should reach to within about 2 feet from the floor. This will give a vertical 
width of blackboard surface of about 54 inches. 

MATERIAL. 

Slate boards have frequently seams, are noisy, and, from the expense, schools fitted 
with stone boards usually have a very inadequate supply. 

Wooden boards are noisy and generally very unsatisfactory. 

Neither slated plaster walls nor blackboard plastic materials seem to wear well. 

Paper boards have been in use for nearly 20 years, and when properly constructed, 
are as durable as the walls themselves, and delight all who use them. 

HOW TO MAKE PAPER BLACKBOARDS. 

When a new building is to be erected, let the walls be plastered in the usual man- 
ner, except that the final coat, instead of being composed only of lime-putty and 
plaster of Paris should contain also sufficient good sharp sand to make a very hard 
surface, and it must be troweled till perfectly smooth. 

When the plaster is fully dry, it is ready for the paper. Select manilia paper of 
medium thickness, not thick, having a good, smooth, calendered surface. Spread 
the paper cut to the appropriate size on a clean floor, aud wet it with cold water, using 
a clean whitewash brush ; apply good cooked flour paste (cold) ; lay the paper on 
the wall and smooth it down with a brush, as in ordinary paper-hanging. A soit 
cloth can be used instead of a brush. Nail a neat molding around the edge. 

When dry, apply any good slating, and the next day rub the slating with fine sand- 
paper. Apply two or three coats in the same manner, rubbing each coat as the first. 
If the slating is of good quality, the. boards, though constantly used, will not need 
to be reslated within 2 or 3 years. It is probably economy to apply thre^ or four 
coatings of slating at first, as it will prove far more durable. Old cement boards or 
slated walls, if they are reasonably solid, may be cheaply converted into good boards 
by first filling smoothly any cracks and holes by a mixture of lime-putty and plaster 
of Paris, and then applying paper, as described above. Paper will not adhere to 
thick coats of whitewash. If old walls are loose and shaky they should be replaced 
by new ones and then papered, as in new walls. 

Boards should not he washed, but can be well cleaned with a piece of dry flannel. 

If the erasers are made of a material which will hold the dust, and they are dusted 
every day by striking them against a board out of doors, there will not be very much 
annoyance from crayon dust. — H, B, Sanford, 

School Desks. 

Double desks cause the spread of vermin and disease, and the contamination of 
the pure, by close relationship with immoral seat-mates; the amount of genuine 
study is lessened, and the need of disclipine is increased by children sitting together 
at the same desk. The best schools have generally adopted single desks, and no 
double desks ought to be purchased. 

In the matter of adaptation to the needs of the schoolroom, comfort and appear- 
ance, the best school furniture now leaves little to be desired, and the best will, in 
the end, be found the cheapest. 

Great care should be exercised to adapt the height of seats and desks to the size of 
the children who are to occupy them. — H. B, iSanford. 
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